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Sheet Metal Welding 


By W. B. NICHOLSON! 


HE oxyacetylene welding process has become an 
¥ indispensable tool for the sheet metal fabricator. 

Drastic savings in material, labor and fabricating 
equipment costs, as well as the attainment of a product 
of vastly improved quality, have been made possible 
through the efficient use of this process. 


SHEET METAL CLASSIFICATION 


First, it would be well to classify the sheet metal field. 
Although many confines have been arbitrarily set by local 
circumstances and opinions, it is most generally accepted 
that the limiting thickness of sheet metal is 11 gage, or 
'/, inch. Most all metals available in sheet form; 
namely, steel, alloy steels, Monel metal, aluminum, cop 
per, brass, some of the bronzes and lead, are used by the 
sheet metal fabricator. Each of these metals entails 
individual problems in design, layout, cutting, forming 
and jointing. To avoid too lengthy a treatise, all matters 
discussed below will have specific reference to steel and 
ferrous alloys. 


MECHANICAL VS. WELDED JOINTS 


In planning the fabrication of sheet metal equipment, 
consideration should first be given to the method of join 
ing the various members. The choice of the method of 
joining is determined, primarily, by the service require- 
ments for the particular piece of equipment involved. 

There are certain uses of sheet metal involving joining 
operations which, because of the nature of the product or 
the metal, obviously are not within the welding field. 
Such applications are: tin roofing, some types of cornice 
work, the manufacture of tin utensils, rain spouts, and 
gutters, and other operations involving the use of very 
light, tinned or galvanized sheet where a strong and per- 
manently leakproof joint is not essential. In these 
cases, mechanical joints are generally utilized. Typical 
mechanical joints are the simple lap joint, which is sold 

* Presented at Lecture No. 10 of the New York Section Lecture Course 
A. W_S., held at Polytechnic Institute of Brooklyn. Also presented by J. J 


Bruton at the Western Regional Conference, Los Angeles, March 21-25, 1938 
? Service Engineer, The Linde Air Products Co 


Fig. 1—Various Types of Mechanical Joints 


Fig. 2—Operator Welding a Box 


ered or riveted, the folded joint, and the grooved joint 
which may be plain or countersunk. These are shown 
diagrammatically in Fig. 1. 

Where strong and permanently tight seams are re 
quired, the mechanical joint is not very satisfactory. 
Besides being bulky and material-consuming, the lap, 
foided, or grooved seams would be at best, for certain 
service, only temporarily tight. Each type of mechani 
cal joint invites corrosion, which very naturally attacks 
the successive folds of the metal first. Alternating 
stresses such as would be set up by expansion and con 
traction or stresses that may be developed by pressure 
from within or without would also tend to destroy the 
tightness of the mechanical joint, whichever type it may 
be. Since the folded and the grooved joints have little 
strength in themselves, it is common practice to use the 
riveted lap joint where strength is important and per- 
manent tightness is of little concern. Where both 
strength and tightness are essential, oxyacetylene weld 
ing is a reliable method of jointing sheet metal members. 
An oxyacetylene welded joint provides the strength, 
ductility and resiliency demanded by any particular ser 
vice conditions. Being resistant to corrosion and not be 
ing subject to disturbance by operating stresses, the 
welded joint is permanently leakproof. Moreover, it is 
simple in design, giving the appearance of a single piece 
of metal except for any reinforcing that may have been 
considered necessary. This reinforcement is generally 
removed by filing or grinding, after which the location of 
the welded seam will not be evident even upon very close 
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Fig. 4 
Fig. 3—Drawing of the Typical Welded Box 
Fig. 4—Three Ways in Which the Box May Be Prepared for Welding 


inspection. 
a neat appearing, light joint in place of a heavy, bulky 
and unsightly mechanical joint. 


THE WELDED JOINT—ITS SUITABILITY 


There have been presented the relative merits of me- 
chanical and welded joints, showing the superiority of 
the latter in so far as the joint itself is concerned. Aside 
from this, there are many other advantages to be gained 
in fabrication, once the welding process has been ad- 
judged preferable or mandatory. These advantages rep- 
resent savings in production cost, and, naturally enough, 
go hand in hand with the improved quality of the joint 
as well as of the welded product as a whole. 

By “improved quality of the welded product as a 
whole,” is meant those qualities of the welded joint it- 
self plus the greater precision with which the fabricator 
can work in joining by welding the various sheet metal 
members. 

The economies in production, as mentioned, are the re- 
sult of short cuts in design, and are best exemplified by 
the following examples. 

Consider the very simple problem of making up a sheet 
metal box as shown in Figs. 2and 3. It may be assumed 
that the box must be leakproof, that it will be subjected 
to rough usage, or that it must be built with precision; 
any one condition suggesting, if not demanding, the 
welded joint. The problem then resolves itself into a 
choice of one of the three design layouts given in Fig. 4. 
Of the three, design A involves the least amount of weld- 
ing—-four vertical corner welds, and four horizontal di- 
agonal corner welds. Design B adds to A two horizontal 
welds along the dimension ‘“‘a.’"’ Design Cis the same as 
B except that it eliminates the four horizontal, diagonal 
corner welds of A and B by substituting the four square 
corner pieces with double welds along dimension ‘“‘c.’ 

Offhand, it would seem that the first design is the most 
desirable since this would seem to be the easiest to fabri- 
cate. The truth or falsity of this conclusion rests in di- 
mension ‘“‘b.’’ There are two determining factors: ma- 
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In consequence the welding process assures 


terial cost and die cost. For any particular value of 
“b” these two factors regulate the choice of the de Sign, 

In blanking out design A from a square sheet of size 
a + 26 + 2c there is a certain amount of waste materia] 
discarded at each corner. The area of the waste sheet 
metal, increasing roughly as four times the square oj 
dimension ‘‘b,’’ soon grows to objectionable proportions. 
Since this waste can be used but infrequently for other 
purposes, it is the practice of the majority of sheet meta] 
workers to change from design A to C where the saving 
in material exceeds the cost of additional welding and 
finishing, other factors being equal. Design B is seldom 
used because it would, to an extent, defeat the purpose 
of the change from A to C. 

The second determining factor, die cost, influences the 
above mentioned change over in design, as the dimension 
“bd” increases, often before the cost balance is actually 
reached. After the sheet is blanked out, it is placed in 
the brake and, in the case of design A, the four edges of 
dimension ‘‘c’’ are first formed and then two of the sides 
of dimension “‘b,’’ which are opposite each other are formed. 
The last forming operation is on the remaining two op- 
posite sides, and it becomes apparent that the distance 
between the lower die and the upper face of the brake or, 
in other words, the height of the upper die must provide 
clearance for dimension “‘).’"’ In most cases, this condi- 
tion limits the selection of design A to a 2-inch to 4-inch 
maximum for dimension ‘‘b,’’ regardless of the waste factor. 
Dies of greater height would be prohibitive in cost. At 
times extensions are attached to the upper die to permit 
the use of design A with deeper boxes, but from the 
standpoint of strength and service life these are not very 
satisfactory. 

The above applies particularly to mass production of 
boxes or other sheet metal equipment of similar design. 
Where the production is spasmodic or where a variety of 
sizes is included, appreciable savings may be realized by 
joining sizable pieces of scrap metal, by welding, to make 
up a sheet sufficiently large for the blanking out opera- 
tion. Many times this can be done with very little addi- 
tional welding, and, as previously pointed out, the welds 
will not be discernible after being ground. Of similar 
nature would be the case where the box is so large that a 
sheet of sufficient size cannot be obtained, even for de- 
sign C. In this event welding would be the only solu- 
tion. 

A second example that can be pertinently discussed at 
this point is the fabrication of sheet metal equipment 


Fig. 5—Welding the — Corners 


Fig. and Polishing the 


of a Refrigerator Casing 
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such as creamery equipment and domestic refrigerator 
casings, the design of which includes round corners that 
lie in two geometric planes (Figs. 5 and 6). This ex- 
ample will emphasize how welding, and very little of it, 
greatly simplifies the problem of satisfactorily forming a 
shape of this type. Figure 7 depicts the development of 
this corner design. 

It is conceivable that the casing illustrated in Fig. 7 
could be formed from a single sheet without welding. 
This procedure, however, because of the rounded cor- 
ners, represents a very difficult forming operation that 
cannot be considered practicable for the following rea- 
sons: 

|. The equipment necessary to handle the forming 
operation would be massive and would be prohibitive in 
cost. 

2. Forceful shaping of the casing from a single sheet 
would cause the metal to upset in the form of wrinkles at 
the rounded corners. Removing the wrinkl_s by grind- 
ing, while satisfactory from the standpoint of appearance, 
would have a deleterious effect on the strength of the 
casing. 

3. The edge of the casing would become irregular, 
particularly at the corners, and a trimming operation en- 
tailing additional labor would be necessitated. 

To overcome these disadvantages, the usual practice is 
to use welding, as shown in Fig. 7. Simple forming opera- 
tions will handle this job if the corner weld is introduced. 

The malleability of the sheet, the method of forming, 
the thickness of the sheet, and the radius of curvature of 
the corner determine the particular corner design most 
advisable. Forming may be done through the agency of 
a die, or a hammer and a shaped block. The latter is a 
flexible procedure that facilitates shaping without wrinkle 
formations; and, depending upon the skill with which 
the corner is shaped, it may be satisfactory to use a 
single weld on corners that would require a double weld 
if pressed into shape witha die. In quantity production, 
corners are usually pressed because of the comparatively 
high cost of manual shaping. With an inadequate corner 
design, the pressing operation would cause the formation 
of wrinkles, which would prove more troublesome as the 


Fig. 7—Three Ways of Preparing a Corner Section for Welding 
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Fig. 8—Three Types of Joints 
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Fig. 9—Proper Procedure for Butt-Welding of Sheet Metal 


sheet thickness and the radius of curvature increase. 
This condition influences the change from a single to a 
double weld or, if wrinkle formation persists, to a corner 
inset as shown in design 7-C. Although the corner inset 
would involve a little more welding, the additional weld 
ing cost would be far outweighed by improved quality 
and by other savings in labor. 

It is thus seen that the common-sense application of 
sheet metal welding will beneficially affect material, 
labor or fabricating equipment costs, one or all; also that 
welding invariably improves the quality of the sheet 
metal product. 

The Welded Joint— Factors to Be Considered in Its Use, 
Weldability of the Material._-The welding quality of the 
sheet has much to do with the success of sheet metal 
welds. For plain low-carbon grades of steel this quality 
pertains more to the impurities in the sheet and how it 
was made rather than to its chemical composition. With 
certain grades of corrosion resistant steels and other 
alloy steels, the chemical composition is very much tied 
in with weldability. The best of operators will have 
trouble in welding poor sheet, and it is, therefore, desirable 
that preliminary tests be made to determine the weld 
ability of the sheet. 

Capability of the Operator. A good welding operator 
is essential. This does not mean that the services of an 
expert are required. If fair aptitude is possessed,the de 
velopment of a good sheet metal operator requires a rela 
tively short training period. 

Cleaning Preparatory to Welding... Good welded joints 
are dependent upon thorough fusion of the weld-metal 
and the parent metal. Every precaution should be taken 
to prevent foreign matter in any form from appearing in 
the weld-metal. Providing the sheet metal and the 
welding rod are of good quality, this can be done by 
making sure that the welding rod and the edges of the 
sheet are clean. All traces of dirt, rust or heavy mill 
scale can be easily removed with a file, an emery wheel 
or a wire brush. The oxyacetylene blowpipe can be em 
ployed effectively in burning off grease or oil and is very 
useful in removing undesirable scale. As a double 
safeguard, it is common practice to use a flux in welding 
non-ferrous metals and some ferrous alloys. A good flux, 
properly applied, will supplement the mechanical clean- 
ing, and, through chemical action, rid the metal of all 
remaining impurities. 
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Fig. 10—-Large Stationary Jig Prevents Any Movement of the Parts Being Welded 


Choice of Joint Design.—It is not necessary to bevel 
or chamfer the edge of material thin enough to be called 
“sheet metal’ in order to insure penetration of the 
welded section through to the underside. Therefore, 
after the edges of the sheet have been cleaned of ex- 
traneous matter, consideration should next be given to 
placement of the members for welding. There are three 
general types of welded joints in sheet metal work; the 
butt weld, the flange weld and the lap weld (Fig. 8). 

Lap joints, as the name applies, are those in which the 
weld is made after the sheets have been overlapped. 
For strength the weld is usually made double as shown. 
Because of inherent disadvantages this joint is not 
recommended for use in welding. 

Butt welds are more frequently employed in sheet 
metal work than any other type. Welds of this type 
can be made (1) between two flat pieces of sheet lying in 
the same plane, (2) between two sheets forming a corner, 
and (3) in rounded sections such as the longitudinal seam 
of cylindrical objects. Butt welds usually have addi- 
tional metal supplied in the form of welding rod. This 
permits the joints to be finished either flush with the 
sheet or reinforced to a slight degree. 

A type of welded joint particularly useful and pre- 
ferred on sheet lighter than 20 gage is the flanged joint. 
The edges are flanged, brought together and fused down; 
welding rod is seldom used. With this joint, particular 
care should be taken in securing good penetration and 
eliminating the film of oxide that is likely to exist be- 
tween the projecting edges. 

Alignment of Edges Preparatory to Welding.—To ob- 
tain consistently a welded seam of good quality, it is 
obvious that the edges of the sheet metal members 
should be well aligned. This means that the edges 
should come together uniformly. 

Requirements in Sheet Metal Welding.—There are 
three major factors to be provided for in welding sheet 
metal by the oxyacetylene process. First, complete 
fusion must be obtained between the sheet edges and the 
weld-metal; second, proper penetration to the full 
thickness must be secured; and third, distortion must 
be allowed for or prevented. 

Fusion.—The strength of the weld is dependent upon 
thorough fusion which can be assured only by following 
recommended welding practices. These practices in- 
clude proper use of the blowpipe, selection of the correct 
size of tips and the proper gas pressures, and the proper 
size and correct use of the welding rod. The welding 
blowpipe should be held at such an angle that the molten 
metal is not forced ahead by the flame on relatively cool 
and unfused edges of the sheet. It is a common fault 
for the welding operator to hold his blowpipe too nearly 
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parallel to the surface, thus, blowing ahead the fluid 
weld-metal on sheet edges which are not hot enough to 
receive it. On the other hand, if the welding blowpipe 
is held too near the vertical position it will be difficy)t 
to avoid burning holes in the light sheet metal. Some 
practice is necessary to strike the happy medium. Meta] 
from the welding rod must flow into the area under the 
welding flame, and only at the point where the base 
metal is actually liquid. The quantity of rod added 
should be regulated so there will be no tendency for the 
added metal to flow ahead of the welding on unfused 
edges, resulting in adhesion rather than fusion. The 
tip of the welding blowpipe should be cleaned regularly 
for best operation. 

Penetration.—The strength of the weld is also depen- 
dent upon thorough penetration. If the penetration js 
insufficient, that is, if the weld-metal and the parent 
metal are not fused through the full thickness of the 
sheet, the weld will obviously be lacking in strength. 
Because the effect of insufficient penetration is pro- 
portionately greater with light than with heavy sheet, 
care should be taken by the welding operator to attain 
full penetration with sheet metal. The margin between 
correct arid excessive heat is relatively slight with light 
sheet, and the endeavor to weld through to the underside 
of the sheet should, therefore, be regulated so that 
molten metal will not be lost through the bottom of the 
weld. 

In addition to fulfilling strength requirements, thor- 
ough penetration is often desired to give assurance that 
crevices of all kinds will either be minimized or elimi- 
nated in the underside of the weld. If the penetration 
extends through the entire thickness of the sheet for the 
full length of the seam, grinding or filing will remove 
most, if not all, of the irregularities or crevices. 

In many cases the elimination of crevices is as impor- 
tant a requirement as the attainment of maximum 
strength. Irregularities or crevices in the underside of 
the welds of containers to be used for holding dyes, 
acids or other corrosive or chemically active materials 
may be the center of localized chemical action, which 
condition would be detrimental to the metal container 
and to its contents. Where the inside of a vessel is to 
be enameled and is pickled prior to enameling, it is 
desirable that no crevices exist since acid may be con- 
fined within, and, in time, cause blistering of the enamel. 
Crevices will readily collect dirt and bacteria and, in 
consequence, are objectionable wherever sanitation is a 
requirement. In this connection, to prevent dirt col 
lection and facilitate cleaning, the present trend in sheet 
metal design is from square to round corners. In those 
cases where minute irregularities in the underside of the 
weld are not permitted, it would be better to weld from 
the inside rather than from the outside of the container. 

Control of Expansion and Contraction.—In planning 
sheet metal welding operations one of the most important 
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Fig. 11—Three Types of Bar-Clamps 


4 
t 
| 
With te 
Z 
at 
= 
the 
ge 
a 
EVEN-SIDES AT SMALL ANGLE 
__ AMO CLOSE TOGETHER 41GG SHEET 
a... 
MAY 
x 
+ 


problems to be considered is the control of expansion 
and contraction. The heat applied during welding will 
be partially conducted into the sheet, causing expansion 
and, upon cooling, contraction in the proximity of the 
weld. The forces of expansion and contraction do not 
exactly compensate for each other. Since the heat 
applied in welding, which takes place progressively, 
is unevenly distributed along the length of the seam, the 
expansion and shrinkage stresses developed will not be 
uniformly distributed. Moreover, internal stresses, 
set up by mechanical working of one sort or another, 
may be locked up in the sheet and, if present, will inter- 
fere with the normal counteracting tendency of expan- 
sion and contraction. The thermal stress developed by 
expansion may be sufficiently great to cause permanent 
deformation in the sheet, which condition is usually 
beyond complete reparation by contraction. There- 
fore, it is necessary that these forces be controlled. 

It is apparent that distortion and buckling may be 
minimized by limiting the heat input. This may be 
accomplished by actually welding with less heat or by 
using jigs that will rapidly draw heat from the sheet. 
A good welding operator, therefore, is one who will make 
a satisfactory weld with the minimum amount of heat 
input. In this connection, bronze-welding, which en- 
tails the use of considerably less heat than would be the 
case with fusion welding, may, at times, be used to ad- 
vantage. The principle of ridding the sheet of heat 
through conduction into the jigs is often applied by using 
a water-cooled jig, a solid jig of massive structure or a 
jig with copper insets. While efforts to limit or dissi- 
pate the heat input will alleviate to an appreciable 
extent the tendency to distort or buckle, complete con- 
trol of expansion and contraction can be realized only by 
making proper allowance for the movement of sheet 
metal members during welding, by restricting this 
movement, or by more evenly distributing the heat 
input over the full length of the seam. 

As welding progresses along straight seams the two 
edges of the sheet metal members will, through initial 
expansion, spread slightly apart for the first few inches of 
the weld and will then, as contraction sets in, draw to- 
gether slowly (Fig. 9). Unless this movement is con- 
trolled or unless proper allowance for the movement has 
been made, the two edges will overlap before the weld 
is finished. Where two sheets are to be joined in the 
same plane, it is common practice to make this allowance. 
The experienced welding operator will be able to ap- 
proximate the required spacing so that the edges will 
come together evenly at the end of the weld. The 
space allowance will vary directly with the thickness of 
the sheet and also with the length of the seam. A good 
rule-of-thumb is to allow a spacing equal to the thickness 
of the sheet for every foot of weld length. To some ex- 
tent, incorrect spacing can be remedied as the work 
progresses by controlling the speed of welding and, in 
consequence, the heat input. By welding as rapidly as 
good welding will permit, the heat input, the sheet 
movement and the space allowance are held to a mini- 
mum. 

Where the two sheet metal members to be joined are 
not in the same plane it may be difficult to make allow- 
ance for expansion and contraction. In this event, the 
edges should be aligned parallel, and various means 
taken to restrict the movement of the sheet. One 
method would be to tack-weld or clamp together the 
edges of the seam at selected intervals. However, this 
method may be unsatisfactory since, if the metal cannot 
expand or shrink in the plane of either member, it will 
move under stress in a lateral direction, resulting in 
bulges or extensive buckling. This may be explained, 
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on the one hand, by the opposition offered by relatively 
cool sections of the sheet to the search for additional 
space on the part of the hot sections, in which case the 


hot sections deform under compression. On the other 
hand, relatively cool sections also may deform under 
compression, which condition is the result of the resis 
tance offered by the cool s ctions to the shrinkage 
stresses developed in adjoining sections in the process 
of being cooled. 

The problem of welding with no lateral deformation, 
a seam with the two edges fixed in a parallel position 
then presents itself. The obvious course would be to 
use jigs that will restrict movement in the one plane and, 
at the same time, buckling in the normal plane. Prop- 
erly designed jigs, as illustrated in Fig. 10 will fulfill 
this double purpose by forcing the weld-metal to absorb 
the expansion and contraction caused by welding. 


Fig. 12—Operator Welding a Seam with the Aid of Bar-Clamps 


However, even with the use of proper jigs, these counter 
acting forces may not be fully confined to and absorbed 
by the weld, in which case a stressed condition may 
develop in the sheet that will be held in check as long as 
the jig is in place but which will cause deformation in 
the form of buckling as soon as the jig is removed. This 
condition is most likely to develop where the seam is 
long or where the two metal members are in the same 
plane. 

A method often employed to relieve the buckling ten- 
dency is the so-called stagger welding procedure, the 
essential feature of which is the even distribution of heat 
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Fig. 13 (Top)—The Eccentric Type of Jig 
Fig. 14 (Center)—C-Clamps Find Many Valuable Uses 
Fig. 15 (Bottom)—Various Forms of H-Clamps 


over the full length of the seam. With this procedure 
the welding operator welds a few inches at the beginning 
of the seam, then moves to the center of the seam where 
a like section is welded, next to the end of the seam, and 
finally back to the beginning, repeating the cycle until 
the weld is completed. By evenly distributing the heat 
input, the stagger method not only minimizes buckling 
(the weld will more readily and uniformly absorb the 
forces of expansion and contraction, which will tend to 
compensate for each other to a greater extent than 
before), but also overcomes any tendency toward crack- 
ing which may result where the weld is continuous and 
the metal is red short or low in ductility. 

At times it may be desirable to combine the making 
of space allowance and restricting the movement of the 
metal members. This would hold true where the jig 
is bulky and through its own weight, without any clamp- 
ing arrangement, would regulate the speed with which 
the ends of the seam would draw together. Or it may 
be desirable to restrict the movement of local areas only, 
and direct the distortion to areas where it would not be 
objectionable. This partial restriction would be per- 
missible in the case of a curved duct with flanges at 
either end. Jigs would be used to hold the flanges in 
place and the distortion would be directed into the body 
of the duct. 

Beading is often employed as a means of allowing for 
expansion and contraction in light sheet. Before the 
parts are aligned for welding, a bead (corrugation) is 
run along the sheet parallel to the seam and not more 
than an inch from the edge. The bead acts as an ex- 
pansion joint taking up movement that occurs due to 
the heat of the operation. 

Bulges may, at times, be satisfactorily removed from 
ductile sheet metal through cold working with a hammer 
and block or through spot heating with the oxyacetylene 
blowpipe. Jt becomes exceedingly difficult and often 
impossible to remove extensive buckling or distortion 
where ductility is low. This is so particularly in the 
case of a long seam that joins two flat sheets in the same 
plane. It is generally advisable to locate the weld at 
or near a square or rounded corner, if possible. A\l- 
though a corner weld may not decrease the magnitude of 
the stresses developed, it will restrain the tendency of 
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these stresses to cause buckling. 


The two sheet meta] 
members, being in different planes, will each act as 
stiffeners and by this means oppose deformation in the 
other plane. 


THE USE OF JIGS IN SHEET METAL WELDING 


In the sheet metal trade, any device used to locate and 
hold in position metal members preparatory to joining 
by welding is known as a “‘jig.”’ Reference has already 
been made to the important part played by jigs in the 
control of expansion and contraction. In addition, the 
use of jigs makes possible greater economy in production 
and greater accuracy in the finished product. 

A properly designed jig will provide the welding opera- 
tor with the most convenient facilities for handling the 
work. This convenience will be reflected in improved 
quality, increased welding speed, and economy in weld- 
ing supplies and gases. Moreover, the jig will assist in 
assembling the various sheet metal members and in 
aligning the edges to be joined, all of which tends to 
reduce the final cost of the product. 

One of the most important advantages to be gained 
through the use of jigs is the assurance of precision in 
the finished product. The jig, if correctly designed and 
built, will automatically act as a gage on the size of the 
article and thus consistently provide exact dimensions 
as desired. 

Jigs may be simple or elaborate. The above advan- 
tages will be realized to the fullest extent only where the 
jig has been designed as needed with little thought given 
to cost, Obviously this course can be taken only in 
the case of mass production. Where production is 
spasmodic, a costly jig will not be justified unless ac- 
curacy is absolutely essential. Simple work-holding 
devices can generally be used for the odd job. Where 
a few items each of many sizes are being continuously 
produced, a compromise between the simple and the 
costly, elaborate jig design may be effected by building 
flexible, multi-purpose jigs, a good example of which is 
the so-called ‘‘spider’’ with adjustable, radial arms to be 
used in the fabrication of cylinders of many sizes. 

Simple Work-Holding Devices.—In welding butt joints, 
it is common practice to use two heavy bars to space the 
sheet (Fig. 11). These are placed parallel to the seam 
an inch or so back from the joint after the sheets have 
been properly spaced. The weight of the bar tends 
forcibly to minimize bulges and dents in the sheet, and 
also retards lateral movement of the sheet, in this 
manner regulating somewhat the speed at which the 
far ends are brought together. By increasing the 
weight of the bars or by providing means for clamping 
the bars down, this simple jig can be made to restrain 
more completely movement of the sheet metal members 
(Fig. 12). Heavy bars will also serve to minimize dis 
tortion by conducting some of the heat cut of the sheet. 
Where the cost is justified, the bars can be cast hollow 
and water-cooled or copper insets can be provided, either 
course presenting greater facilities for heat removal. 

Eccentric clamping arrangements may be used for 
tightening purposes. There are two types, the ec 
centric shaft and the eccentric lever, both of which pro 
vide great ease in inserting, locking and removing the 
work from the jig. The eccentric shaft should be ar 
ranged so that half a turn causes the wider portion of the 
shaft to bear on a connecting rod thus exerting pressure 
The eccentric lever is shown in Fig. 13. 

In other cases, proper alignment and satisfactory re 
sults can be secured with C-clamps. These clamps 1 
effect take the place of the two upper bars shown 11 
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Fig. 16—Operator Bronze-Welding a Seam, Using H-Clamp 


Fig. 14, one clamp being used on each side of the joint. 
C-clamps are obviously restricted to use at the end of 
the seam and wedges of some kind must, therefore, be 
used where the seam is of any length. Similarly, C- 
clamps can be used in making a corner weld in a rec 
tangular container by clamping the two edges to a section 
of angle iron. ‘To permit penetration, the corner of the 
angle iron should be ground off. 

Another very useful yet simple type of clamp is the 
H-clamp (Fig. 15). These clamps are especially useful 
when welding long seams in light gage sheet. They can 
be placed at any point along the seam in any desired 
number. This is a valuable feature in that the sheet 
can be spaced at close intervals, which lessens the pos- 
sibility of serious deformation. As the welding pro- 
gresses, the clamps can be removed one by one, or they 
can be moved along the joint a sufficient distance ahead 
of the welding to assure correct spacing until the weld 
is completed (Figs. 16 and 17). 

The so-called double L-clamp, as shown in Fig. 18, 
is another variation of the H-clamp. A section of T- 
iron is slotted to receive a wedge-shaped key. A flat 
slotted plate is placed over the vertical section of the T. 
The sheet edges are placed between the horizontal sec- 
tion of the T and the flat, slotted plate and are held tight 
by driving the key into the slot. 

This clamp and the other clamps just described are 
simple, inexpensive and easily fashioned with the blow- 
pipe from scrap material, thus they can be made up to 
the requirements of each particular job. The bar and 
the clamp are just a few of the many simple work-holding 
devices that can be found in every shop. Such items as 


\-blocks, straps, angle iron rail and simple levers can 
be used to advantage in general sheet metal fabrication. 
Special Purpose Jigs. 


Special purpose jigs, which in 


Fig. 18—The Double L-Clamp Has « Variety of Uses 
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Fig. 17—Completing the Joint by Fusion Welding 


many cases amount to elaborate developments of the 
principles underlying the bar and the clamp as described 
above, can be broadly classified as tack-welding jigs or 
jigs in which the work is held until finished. 

It is at times preferable to align and temporarily fasten 
together by tack-welding the various sheet metal mem 
bers in a separate jig. The assembly of a particular 
piece of equipment may be so complex that the jig re- 
quired would not give the operator convenient access to 
all parts of the seam to be welded. Final welding may 
be handled in a second jig or the tack-welded article may 
be welded without a jig providing proper allowance has 
been made for distortion beforehand. The majority of 
jigs are designed primarily to eliminate tack-welding and 
thus greatly reduce handling time and cost of production. 
These jigs, in which the parts are assembled and held 
until welding is complete, may be classified as stationary, 
freely movable, semi-automatic or automatic. 

Where the jig design makes it necessary for the oper 
ator to move about the work, the jig is termed ‘‘sta- 
tionary.’ This type of jig is generally used in connec 
tion with large work. 

In the event that the work is small, it is of great con 
venience to the welding operator to have the facility of 
moving the jig at will. A typical freely movable jig is 
illustrated in Fig. 19. Another example is the support 
ing roller often used to rotate the work when welding 
circumferential seams in round tanks. 

A semi-automatic jig is one that is self-directing in its 
movement and can be controlled by the operator in its 
rate of movement so that welding, in the proper sequence, 
may take place without interruption. These jigs are 
generally hand or foot operated by the operator and are 
motivated mechanically by ratchets, pulleys or levers 
(Fig. 20). 

Automatic jigs, which are usually motor driven, have 
been developed for many production welding operations 
and especially for the manufacture of relatively small 
parts in quantity. The movement provided by these 
jigs places the point to be welded constantly before the 
operator. Speed of movement may be uniform, variable 
or intermittent. This is arranged to suit the particular 
job at hand. 

The jig shown in Fig. 21 is a freely movable type, 
being completely revolvable. At the same time it is, 
in a sense, automatic since it is attached to a conveyor 
that moves along at a constant speed. 

Design Fundamentals.—In the design of all types of 
jigs, there are certain fundamental considerations that 
should be made. 
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Fig. 19—The Completely Movable Type of Jig 


if 


Fig. 20—The Semi-Automatic Type of Jig 


Jigs should always be as simple in their design as 
the purpose for which they will be used permits. 


Jigs should function smoothly and rapidly, thus 
facilitating loading and unloading. 


The jig must be sufficiently rigid to withstand 
stresses that may develop in operation and, 
therefore, hold the work in correct alignment 
until the welding is completed. 


All clamps should operate easily and rapidly and 
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should be positioned away from the welding flame 
so that they will not overheat. To avoid loss or 
misplacement all clamps should be made integra] 
parts of the jig (Fig. 22). 

Care should be taken to place all locating points 
so that the members to be welded can be posi 
tioned accurately with minimum adjustment by 
the operator. Accuracy in the finished work wil] 
depend upon this feature. Locating points 
usually consist of pads, bosses, lugs, pins, studs, 
V-blocks, stationary or movable screws, cup and 
cone arrangements, and finished holes, corners 
and edges. They may be cast solid with the jig 
body, permanently fixed to it or adjustable. 
Adjustable locating points are often desirable 
from the standpoint of flexibility. Whatever 
their nature, all locating points must be firm and 
rigid so that they will not be forced out of align- 
ment as the work is clamped or when the work 
is heated during welding. 


The jig itself should be so designed and all protrud.- 
ing parts so located that the seams will be easily 
aecessible. 

The welding jigs should be designed so that the 
work can be inserted only in the correct position. 


Quality and accuracy of the finished product demand 
full and careful consideration of the above design prin- 


ciples. 


The extent to which these principles may be 


embodied in the selected jig design will be determined by 
the cost of the jig and the savings which may be ef- 
fected through its use as well as by quality and accuracy 
requirements. 


Fig. 21—The Conveyor Type of Jig Is Also Completely Revolvable About 
upports 


Fig. 22—Special Jigs Are Required for Certain Specific Operations 
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To the Board of Directors 
AMERICAN WELDING SOCIETY 


The first edition of these Rules was issued in 1935, by 
the National Board of Fire Underwriters, based on in- 
formation and recommendations furnished by a joint 
committee of the AMERICAN WELDING Society and the 
International Acetylene Association. The purpose was 
to recognize a growing demand in the construction field 
for permission to use welding for fabrication purposes. 

Since the Rules were issued considerable experience 
has been gained with this type of welded construction 
and it has been found that a code of this form can be 
expected to satisfactorily meet the needs in this field. 
There have been numerous developments in the art, 
however, which have tended to render the first edition 
of the Rules inadequate, particularly with regard to 
qualification procedures for the welding operators. As 
a result your Committee appointed jointly from the 
membership of the two above organizations and includ- 
ing representatives of the National Board of Fire Un- 
derwriters and the Associated Factory Mutual Fire 
Insurance Companies, offers herewith its revised draft of 
the Rules. It is believed that if these Rules are followed, 
safe and durable tank and tower construction will result. 


Joint Committee of the 
International Acetylene Association 
and the 
AMERICAN WELDING SOCIETY 
C. W. Obert, Chairman 
J. J. Crowe H. S. Smith 
E. W. Fowler H. A. Sweet 
C.J Holslag E. Vom Steeg 
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SECTION I 


Scope 


These Rules are intended to apply to the construction 
by non-pressure (fusion) welding of steel storage tanks 
such as are used for the supply by gravity of water for 
fire protection purposes. They cover the construction of 
tank risers and also the fabrication of structural support- 
ing towers for such tanks. The Rules prescribe design, 
fabrication and erection requirements which it is believed 
will insure safe tank and tower construction. 


SECTION II 


Definitions and Symbols 


Terms relating to non-pressure (fusion) welding and 
the symbols used are based upon the latest Report of the 
AMERICAN WELDING Society Committee on Nomen- 
clature, Definitions and Symbols and construction draw- 
ings should conform thereto. 


SECTION III 
Materials 


A. General 

All material entering the construction of tanks, risers 
or towers covered by this code shall comply with at least 
the minimum requirements of some one of the following 
Material Specifications. If the material has a minimum 
tensile strength less than 55,000 lb. per sq. in. the allow 
able fiber stress should be reduced by an amount equal 
to the ratio of its minimum strength to 55,000. If other 
materials of weldable quality are made available, their 
specifications may be submitted to the AMERICAN 
WELDING Society for consideration under this code. 


B. Material Specifications for Base Metal 

1. All rolled plate steel used in shell, bottom, roof, 
nozzles and reinforcements and all structural materials 
involved therewith shall conform to one of the grades 
embraced under the American Society for Testing 
Materials’ general specifications for carbon steel for 
welding designated as A. S. T. M.-A-151, but no 
Bessemer material is acceptable, and the carbon content 
of the material shall not exceed 0.35 per cent. 
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2. Forgings used in nozzles and reinforcement shall 


conform to one of the following A. S. T. M. specifica- 


tions: 
A-78 —Specifications for steel plate—structural qual- 
ity for forge welding (Grades A and B). 
A-105—Specification for forged or rolled pipe flanges 


for high temperature service (Classes A, B 
and C). 
Steel castings shall conform to one of the following 
M. specifications : 
—Specification for steel castings. 
—Specification for carbon steel castings (carbon 
limited to 0.35 per cent). 


C. Material Specifications for Filler Metal 


All filler metal shall comply with the AMERICAN WELD- 
ING SOCIETY Tentative Specifications for Filler Metal for 
Use in Fusion Welding, Grades 10, 15 or 20. 


SECTION IV 


Qualification of Welding Processes 
and 
Testing of Operators 


Welding processes shall be qualified and welding op- 
erators shall be tested according to the latest Rules of 
the AMERICAN WELDING Society for Qualification of 
Welding Processes and Testing of Welding Operators, 
using the following values: 


1. Butt Welds 


(a) Tension Tests.—Reduced section tensile test... . 
Ensinewaeed «akan not less than 95 per cent of 
the minimum of the specified tensile range of 
the plate used. 


(b) Free-Bend Test, min.............. 20 per cent. 


(c) Root Break, Side Break, Nick Break.—Porosity 
not to exceed 6 gas pockets per sq. in. of total 
area of weld surface exposed in fracture, the 
maximum dimension of any such pocket not to be 
in excess of '/i¢ inch. 


2. Fillet Welds 
(a) Shear Test.—Longitudinal or transverse shear 
not less than 80 per 
cent of the minimum of the specified tensile 
' range of the plate used. 
same as | (c). 


SECTION V 
Design—Tanks and Tank Risers 


1. Minimum Thickness 

The minimum thickness of plate used for construction 
shall be '/, inch, except in roofs, railings and webs of 
channels and I-beams. 


2. Shell Joints 


The vertical or horizontal joints of the shell may be of 
the following types: 
(a) Double-welded butt type; 
(6b) Single-welded butt type with backing-up strip 
or finish bead at root; 
(c) Double full-fillet lap-welded type, with the plate 
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edges lapped not less than 5 #, up to and including 
a maximum plate thickness of */15 inch; 

(d) Single full-fillet lap-welded type, with the plate 
edges lapped not less than 5 ¢, and the inside lap 
welded at least 25 per cent intermittent, provided 
seal welding is applied to the inside lap betweey 
intermittent welds. 


In vertical shell joints, type d is permitted only jy 
plates of '/, inch thickness. Butt joints may be welded 
without beveling the edges provided the thickness does 
not exceed '/, inch. The plate edges must be separated 
where necessary to obtain complete penetration and 
thorough fusion. The beveling may be performed jy 
horizontal joints, on the lower edge of the upper plate 
provided the angle of bevel is not less than 45 deg. 


3. Loads and Working Stresses 


Stresses are to be computed on the assumption that 
the tank is filled level full of water which shall be con- 
sidered as weighing 62.5 Ib. per cu. ft., and the tension 
in each ring is to be computed 12 inches above the center 
of the bottom weld of the ring in question. The working 
tensile stress in the steel plate shall not exceed 15,000 lb. 
per sq. in. 


4. In computing the minimum thickness of the plates 
required, the joints shall be rated as follows: 


85 per cent 
SS per cent 
70 per cent 


h 
50 + = per cent 
5 


where / is the percentage of full-fillet intermittent 
welding. 


5. Butt-Welded Vertical Joints 

These seams shall be welded to insure complete pene- 
tration and fusion Plates of '/, inch thickness may be 
butt welded without beveling the edges of plates, the 
gap, if used, between adjoining edges to be not less than 
one-half the plate thickness. Plates over '/, inch and up 
to 7/6 inch thick, inclusive, may be double-beveled, if 
desired, or need only be beveled from one side of the 
plate, with the included angle between the sloping edges 
of the plate at the joint not less than 60 deg.; the gap, 
if used, between adjoining edges to be '/s inch. Plates 
over ‘/i inch thick shall have double beveled or U- 
grooved edges, the gap between adjoining edges to be ! 
inch. For single or double U-welded butt joints, the 
angle formed by the straight faces of the U on the adjoin- 
ing edges to be welded together, shall be not less than 
15deg. The reinforcement on the weld shall not be taken 
into account in the strength computations. 


6. Buti-Welded Horizontal Joints 


These joints shall be welded to insure complete pene- 
tration and fusion. Plates of '/, inch thickness may be 
welded together without beveling the edges of plates, and 
with or without a gap between adjoining plate edges. 
Plates over '/, inch and up to 7/6 inch thick, inclusive, 
may be double-beveled, if desired, or need only be single- 
beveled, in which case the lower edges of the upper plate 
are beveled to an angle of 45 to 60 deg. with the joint 
face leaving a width of square edge not over one-quarter 
of the plate thickness; the upper edge of the lower plate 
is left square, and with or without a gap between adjoin- 
ing plate edges; the reverse side of this joint to be re- 
welded for seal and finish, but no chipping out of ap- 
plied weld-metal is required. Plates over 7/1 inch thick 
shall have double-welded butt joints, in which the lower 
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edges of the upper plate shall be beveled from both 
sides of the plate at an angle of 45 to 60 deg. from the 
middle transverse line of the joint, leaving a width of 
square edge not over one-quarter of the plate thickness, 
and with or without a gap between the adjoining plate 
edges. 


7. Lap-Welded Vertical Joints 


Vertical lap joints shall have continuous full-fillet welds 
inside and outside, except that on plates of '/, inch thick- 
ness, they may have a continuous full-fillet lap weld on 
the outside, and the inside fillet weld at least 25 per cent 
intermittent, provided seal welding is applied to the 
inside lap between intermittent welds. A continuous 
full-fillet weld may replace the intermittent welding. 
Lap joints shall have the overlap not less than 5¢or | 
inch, whichever is larger. The maximum plate thickness 
permissible with a double full-fillet lap type in a vertical 
joint shall be 7/,. inch. 


8. Lap-Welded Horizontal Joints 


Horizontal lap joints shall have the overlap of the 
plates not less than 5 ¢ or 1 inch, whichever is larger. 
The fillet on the top edge of the lower plate shall be full- 
fillet lap welded, measured along the edge of one plate 
and the surface of the other plate. The fillet on the bot- 
tom edge of the upper plate may be at least 25 per cent 
intermittent, provided seal welding is applied to the 
inside lap between intermittent welds. Continuous 
fillet welding smaller than full-fillet but equivalent in 
strength to the full-fillet intermittent welding may be 
applied in place of the intermittent welding. With in- 
termittent welds, apply continuous welds for 6 inches 
on each side of the vertical seam. 


9. Joints at Junction of Shell and Bottom 
The attachment between the bottom edge of the low- 


If a ring angle is used, the vertical leg may be either 
butt welded to the bottom edge of the lowest shell plate, 
or it may be lap-welded thereto, with the shell plate 
located inside or outside of the angle. When the ver- 
tical leg is butt welded to the lowest shell plate, the toe of 
the angle may point to the outside and be fillet welded 
to the bottom plate as shown in Fig. | bya fillet having a 
leg not less than 1.4 times the thickness of the bottom 
plate, while the heel of the angle facing the inside is 
welded to the bottom plate by a fillet having a leg not 
less than 1.75 times the thickness of the bottom plate; 
or the toe of the angle and the toe and heel welds may be 
reversed. The butt joint in this case shall conform to the 
requirements in Par. 6 for Horizontal Joints. 

When the vertical leg is lap-welded to the outside of 
the lowest shell plate as shown in Fig. 2, the fillet 
welds attaching bottom of shell, bottom angle and bot- 
tom sketch plates shall be continuous and conform to 
the above requirements. The fillet weld between the 
top edge of the vertical leg and the shell plate shall ex- 
tend '/; inch beyond a 45 deg. line tangent to the edge 
of the angle. When the vertical leg is lap welded to the 
inside of the lowest shell plate the toe and shell-to- 
bottom welds are reversed as shown in Fig. 3. 

In the case of the fillet welded attachment of the 
sheet direct to the bottom plate, as shown in Fig. 4, the 
inside fillet shall have a minimum leg of not less than 
1.75 times the thickness of the bottom plate. The out- 
side fillet shall have a minimum leg of not less than 1.4 
times the thickness of the bottom plate. If the lowest 
shell plate is thinner than the bottom plate, as in small 
tanks, the factors 1.4 and 1.75 shall apply to the thinner 
plate. 


10. Opening Reinforcement 

Manholes, pipe openings and connections for attach- 
ments shall be reinforced by additional steel plates of 
sufficient thickness and properly connected to carry the 
total load, that would be carried by the cut out portion 
of the plate, without overstressing, when the average 
tensile stress in the net section of the cut plate exceeds 
13,000 Ib. per sq. in. 
11. Pads and Brackets 

Welds affixing wrought iron or steel pads and brackets 
to shells shall be of the fillet type and be continuous to 
seal the surface of the plating beneath the pads or brac- 


kets against admission of moisture, water or other cor- 
rosive media. 


Design—Steel Towers 


12. Fillet and Butt Joints 


Welded joints in steel tower construction shall be so 
proportioned that the loadings do not cause stresses 


therein to exceed the following amounts: 
Lb. Per 
Sq. In. 
Shear on section through throat of weld 11,300 
Tension on section through throat of weld 13,000 


Compression (crushing, on section through 


throat of weld) 18,000 


Table 1—Shearing Stresses with Different Sizes of Fillets 


est shell plate and the bottom plates of a flat-bottomtank Size of fillet weld, : me ok 
may be made by means of a ring angle with all welds con- PP — ‘ ei eo eo fs ‘ 
tinuous, or the bottom edge of the shell plate may be ~~ ctress Ib. per lineal 

— om cage < 1€ Snel plate may be stréss Ib. per lineal 
continuously fillet welded to the bottom plate on the in. 2000 2500 3000 3500 4000 4500 5000 6000 
inside and outside. 
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Maximum fiber stresses due to bending or combined 
bending and direct loads, shall not exceed the values 
prescribed above for tension and compression, respec- 
tively. Stress in a fillet weld shall be considered as shear 
for any direction of the applied stress. In designing 
welded joints, adequate provision shall be made for 
stresses due to eccentricity in the disposition of the parts 
joined. 

(a) Throat Dimension.—(The thickness of throat as- 
sumed for purposes of design.) Under this code the 
throat dimension of a fillet weld is the altitude from 
the root to the opposite side of the largest isosceles 
triangle which can be constructed within the cross sec- 
tion of the weld, the equal legs lying in the fused faces. 
In the case of a butt weld, the throat dimension is the 
thickness of the thinner of the parts joined. 

The length of any fillet weld shall be made not less 
than four times the weld size, or the size of the weld shall 
be considered not to exceed one-fourth of the length for 
purposes of calculating strength. 


13. Combined Shapes 

Adjacent component parts of built-up compression 
members may be joined by two or more lines of continu- 
ous or intermittent welding in the direction of stress; such 
lines to be not further apart than 30 times the thickness 
of metal in the thinner part. In any line of intermittent 
welding, the clear distance between the weldsshall nowhere 
be more than 12 inches or more than 16 times the thick- 
ness of metal in the thinner part, or more than 1 inch 
for each thousand pounds of designed strength in either 
adjoining weld. Fillet welding within a distance from 
either end of the member equal to the least width of 
member shall be continuous. Sufficient weld strength 
shall be provided to transmit the shearing stresses be- 
tween joined parts caused by flexure due to long-column 
action, applied bending moments, and any beam reac- 
tions or other loads tending to compress the parts un- 
equally. 
14. Butt Joints 

One or both edges of base-metal parts to be joined by 
a butt weld shall be beveled if the throat dimension 
exceeds '/, inch, except that beveling may be omitted 
if the weld is to transmit only compressive stress and if 
the space between the parts be made wide enough to 
permit sound welding, and if the opening be backed up 
by a base-metal part or by sheet metal on the side fur- 
ther from the welding operator. For single and double-V 
joints, the angle of bevel of each part shall be not less 
than 30 deg., and for single and double-bevel joints not 
less than 45 deg. The clearance between parts at the 
root of a beveled joint shall be from '/15 to */1»5 inch, except 
that when welding joints with heavily coated electrode, 
the clearance at the root may be made equal to the 
diameter of the electrode. Butt welds required to be 
beveled shall also be reinforced by making the thickness 
greater than the throat dimension defined in Sec. V, Par. 
12 (a); the exposed face of a single-V or single-bevel weld 
shall be reinforced at least 20 per cent of the throat 
dimension and each exposed face of a double-V or double- 
bevel weld shall be reinforced at least 12'/2 per cent of 
the throat dimension. A butt weld intended to transmit 
tensile stress shall be made only when one of the parts 
to be joined is free or is flexible enough to permit con- 
traction of the weld-metal. 


15. Fillet Welds 

The length of any fillet weld shall be made not less 
than four times the weld size or else the size of the weld 
shall be considered not to exceed '/, of the length for 
purposes of calculating strength, under this code. 


16. Clevises, Forked Ends 


Clevis plates may be fusion welded to wind rods. 
There shall be two plates at each end of the rod. [he 
plates shall be symmetrical. There shall not be any 
open spaces between rod and clevis plates. The plate 
shall be bent in easy lines to reduce to a minimum the 
stretch under load or they shall be flat with filler plates 
on the pin. In any case, the clevis pin must be designed 
to carry the maximum stresses, including bending, with- 
out overstressing. 


17. Structural Pipe and Tubing 


Joints under this classification in tank-supporting 
structures may be of the single-vee welded butt type, 
having reinforcements at the center line of the weld of 
20 per cent of the minimum pipe wall thickness or not 
less than !/s inch. 


18. Steel Castings or Forgings 


Welds affixing steel castings or forgings to tank-sup- 
porting structures may be of the single-vee butt or 
double-welded butt or lap type. If of the butt type, the 
reinforcement shall be 20 per cent of the minimum plate 
thickness at the joint but not less than '/. inch. If of 
the lap type, the fillet welds therefore shall be not less 
than standard dimensions. 


19. Towers in Earthquake Zones 


In localities known to be subject to earthquake shocks 
all welds on tank towers shall be performed by a welding 
process capable of producing a weld having a ductility 
of at least 25 per cent, as determined by a bend test 
made in accordance with the provisions of Section IV. 


SECTION VI 
Fabrication 
Preparation for Welding 


(a) The plates for tanks or risers, or structural steel 
for towers, may be cut to size and shape and formed by 
machining or shearing, or by flame cutting. The edges 
must be uniform and smooth and must be freed of all 
loose scale and slag accumulations before welding. The 
discoloration which may remain on the flame cut surface 
is not considered to be detrimental oxidation. 

(b) The plates or sheets to be joined shall be suitably 
shaped and formed. 

(c) Particular care should be taken in the layout of 
joints in which fillet welds are to be used so as to make 
possible the fusion of the weld-metal at the bottom of 
the fillet. Great care must be exercised in deposition of 
the weld-metal so as to secure satisfactory penetration. 

(d) The edges of the plates at butt joints shall not 
have an offset from each other at any point in excess of 
one-quarter of the thickness of the plate, with a maximum 
of inch. 

(e) Bars, jacks, clamps or other appropriate tools may 
be used to hold the edges to be welded in line. The 
edges of butt joints shall be so held that they will not 
overlap during welding. Where fillet welds are used, the 
lapped plates shall fit closely and must be kept tightly 
together during welding. 

(f) Where parts to be joined by a fillet weld are 
separated more than */, inch the excess above '/is inch 
in amount of separation shall be added to the weld size 
required by the design. 

(g) Surfaces to be welded shall be cleaned thoroughly 
of all objectionable scale, rust, oil or grease for a dis- 
tance of not less than '/; inch from the welding edge. 
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Grease or oil may be removed with gasoline, lye or the 
equivalent. A steel-wire scratch brush may be used for 
removing light rust or scale, but for heavy scale, slag and 
the like, a grinder, chisel, air hammer or other suitable 
tool shall be used to obtain clean and bright metal. 
When it is necessary to deposit metal over a previously 
welded surface, any scale or slag therefrom shall be re- 
moved by a roughing tool, a chisel, an air chipping ham- 
mer or other suitable means to prevent inclusion of im- 
purities in the weld-metal. 

(h) The dimensions and shape of the edges to be 
joined shall be such as to allow thorough fusion and 
complete penetration. 

(i) If the welding is stopped for any reason, extra 
care shall be taken in restarting to get full penetration to 
the bottom of the joint and thorough fusion between 
the weld-metal and the plates, and to the weld-metal 
previously deposited. 

(j) Where single-welded butt joints are used, par- 
ticular care shall be taken in aligning and separating the 
edges to be joined so that complete penetration and fusion 
at the bottom of the joint will be assured. 

(k) Where butt-welded vertical joints are used with 
lap welded girth joints in tank or riser construction, care 
must be taken to obtain complete penetration and thor- 
ough fusion in that part of the butt weld which is covered 
on one side by the lap. 

(1) Structural steel shall not be painted on any areas 
where shop or field welding is later to be performed except 
that a coat of linseed oil without pigment may be used 
for temporary protection. However, this clause shall 
not prohibit welding of steel which has been painted, 
provided that the paint be first completely removed 
from the areas to be welded. 


SECTION VII 


Erection 


1. When butt welding is employed for joining shell 
plating, the welding procedure therefore shall be so 
devised that undue welding stresses, generally referred to 
as ‘residual welding stresses,’’ are not allowed to de- 
velop in the plating about the welded joint. These 
stresses are additive and if allowed to develop (a possi- 
bility when the plating is rigidly affixed to its adjoining 
plates such as when firmly tack-welded) may, in extreme 
cases, cause premature failure of a joint, or otherwise a 
lowering of the factor of safety of the joint. A plate 
should be free to move to accommodate the contraction 
about the cooling weld, or advantage may be taken of 
the curvature of the plate to relieve residual stress. In 
any case, movement shall be provided so that plates shall 
not be rigid against these known forces. 

2. In erecting a welded structure, adequate means 
shall be employed for temporarily fastening the mem- 
bers together and bracing the framework until the joints 
are welded; such means shall consist of erection bolts 
or other positive devices imparting sufficient strength and 
stiffness to resist all temporary weights and lateral 
forces, including wind. Owing to the small number of 
bolts ordinarily employed for joints which are to be 
welded, the temporary support of heavy girders carrying 
columns should receive special attention. 

3. Gas cutting shall not be performed on a member 
while under stress, except that detail cutting to correct 
minor fabrication errors may be done if the removal of 


metal does not reduce the strength below design require- 
ments. 
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SECTION VIII 


Inspection 


1. Inspection and Tests of New Welded Tanks 

Welded tanks constructed under this code shall be in- 
spected and tested in accordance with the following para- 
graphs. A definitely designated inspector shall follow the 
qualification tests of the welding operators, the fabrica 
tion, erection and testing of each tank and shall make 
sure that material, details of design, fabrication and 
tests called for in this code are complied with. 


2. Qualification of Inspectors of Welding 

Inspectors shall be competent men experienced in 
welding and supervision of welding, checking and testing 
of welding operators. Inspectors shall be employed by 
the Purchaser or by an organization regularly engaged 
in making inspections, except that they may be em 
ployed by the Contractor with the approval of the Pur- 
chaser when a definite guarantee is furnished by the Con- 
tractor to the effect that the code, with all its require 
ments, will be met. 


3. Access for Inspector 

The inspector shall be permitted free access to all 
parts of the Contractor’s plant concerned with the fabri- 
cation of the tank, and to the site at which the tank is 
being erected during its fabrication, erection and testing 


4. Facilities for Inspection 

The Contractor shall afford the inspector all reasonable 
facilities for testing and inspection and keep him informed 
of, and shall permit his presence at, all tests of material 
and welding during fabrication and erection; this shall 
include all hydrostatic tests 9f the tank and all laboratory 
tests of the welding and of the material used. 


5. Inspection of Plates 

The inspector shall inspect the plates used in the con- 
struction of each tank, giving particular attention to all 
cut edges and openings to assure that the plate is free 
from laminations or other defects. The plates shall be 
gaged or measured to determine whether the thickness 
meets the requirements of this code. 


6. Qualification Test 

The inspector shall make sure that the welding process 
used by the Contractor has been qualified in accordance 
with the Rules for Qualification of Welding Process. If 
any doubt as to this Qualification of Welding Process 
arises, the inspector may require that the official records 
of this Qualification Test be produced for his check. The 
inspector shall check the records of the Qualification Tests 
of Welding Operators and shall, if necessary, require 
new or periodic Qualification Tests of Welding Opera- 
tors. No welding operator shall be permitted to work 
until the inspector is satisfied regarding his qualification. 


7. Welding 


Inspection of the tank construction shall be made at 
the time the principal joints are being welded. The in 
spector shall check the plates to see that they are properly 
fitted and retained in position during welding, that the 
edges are properly prepared and aligned, and that the 
welding conforms to the requirements of this code. He 
shall see that the assembly and welding procedure are 
such as to prevent excessive flattening or buckling during 
welding. 


8. Approval of Inspector 


The approval of the inspector shall be required before 
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any defects are repaired. Defective material that cannot 
be satisfactorily repaired shall be rejected. 


9. Hydrostatic Test 


The inspector shall witness the making of hydrostatic 
or other tests as required by this code. Where repairs 
are necessary the inspector shall see that the defective 
welding has been properly cleaned out before permitting 
the defective portions of the tank to be rewelded. 


10. Inspector's Final Report 


The inspector shall at the completion of all tests and 
inspection prepare a report summarizing all data on the 
tank which have been compiled. Copies of this report 
shall be transmitted to the Purchaser and the Contrac- 
tor for their records. 


SECTION IX 
Testing and Repairing 


1. Upon completion the entire tank shall be tested 
by filling with water. Repairs of defects discovered 
after the tank is filled shall be made only when the water 
level is at least 2 feet below the joint being repaired. 

2. Pinholes, cracks or other defects shall be repaired 

only by chipping, machining or melting out the defect 
and rewelding. For gas welding, the metal around the 
defects shall be preheated to a dull red only, for a dis- 
tance of at least 4 inches in all directions. Any pre- 
heating means may be used, such as a gas or oil burner 
or a welding torch. The preheating shall be done slowly, 
so the heat will get well back into the plate and expand 
it thoroughly. After welding, the vessel should be re- 
heated in the vicinity of such weld until the heat has 
equalized in the dull-red spot, and then slowly cooled. 
For metallic arc welding, preheating or reheating may be 
omitted. 
3. After repairs, if any, have been made, the vessel 
shall again be tested in the region of the repair, and if it 
passes the retest it shall be deemed acceptable. If it 
does not pass the test the inspector can order supple- 
mentary repairs, or, if in his judgment the vessel is not 
suitable for service, he may permanently reject it. 


Two Large Refinery Vessels 
By J. C. DAUGHERTY? 


ELOW are given statistics concerning two large 

refinery vessels all welded construction which were 

designed by, and fabricated for, E. B. Badger & 
Sons Company of Boston, Mass. They were recently 
completed in our plant at Beaumont, Texas. 


3 Plate Tar Separator 


Inside diameter 16 feet 10'/s inches. 

Outside diameter 17 feet 0'/,; inch. 

Shell thickness inch. 

Overall height 41 feet 2'*/\, inches. 

Heads A. S. M. E. Type 17 feet '/, inch O. D. 
Heads minimum thickness at knuckle—1*/s inch. 
Radius of dish 14 feet 2 inches. 

Knuckle radius 36°/; inches. 

Working pressure 40 lb. per square inch. 
Hydrostatic test pressure 168 lb. per square inch. 
Operating temperature 750 to 770° F. 

Weight, without riser caps, 150,000 Ib. 


t Assistant to the President, Petroleum Iron Works. 
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Main Fractionator 


Inside diameter 16 feet 10'/: inches. 

Outside diameter 17 feet 0'/, inch. 

Shell thickness 7/3 inch. 

Overall height 62 feet 2'/. inches. 

Heads A. S. M. E. Type 17 feet 0'/, inch O. D. 
Heads minimum thickness at knuckle—1*/j, inch. 
Working pressure 25 Ib. per square inch. 
Hydrostatic test pressure 135 lb. per square inch. 
Operating temperature 240 to 600° F. 

Weight, without riser caps, 285,000 Ib. 


FABRICATED FOR 


EB.BADGER &SONS 
REAUMONT TEXAS 


Figs. 1 and 2 (Upper Two) Main Fractionator Fig. 3(Lower)—Ter Separator 
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BICYCLE TUBING WELDED THE 


By IRVING WHITEHOUSE* 


RADICALLY new and effective technique of weld- 
A ing bicycle frame tubing by an accurately timed 

resistance welding process is being employed by 
the Cleveland Welding Co. Quite as essential as the 
five welding machines installed for this work are the 
method and equipment for reinforcing the tube ends and 
for milling or scarfing the ends so as to avoid flash and 
develop full strength of the welds. 

Attracted by the revival of bicycle sales, this Cleve- 
land company entered the field two years ago, seeking to 
place its production on the same basis as its automotive 
and other high production items. Bicycles were return- 
ing to popularity after a long period of reduced sales, 
following the production peak of some 1,500,000 units 
in 1906. Last year, the industry sold over 1,000,000 
bicycles, and expects to do as well this year. 

For years known for its conservatism, the industry 
had slowly replaced dip brazing by torch brazing and 
welding, but with the increase in demand, producers 
found it necessary to revise their practice radically and 
to take full advantage of modern design and recent 
developments in metallurgy and fabrication of tubes. 
Today, conveyors, special automatic machines, modern 
enameling equipment and the latest developments in 
welding are being used. 

The welding process, known as the Hart process,' con- 
sists of joining two tubes or a tube and another article 
by means of electric resistance welding to form a joint 
that is sure, strong and without any external flash to 
be removed afterward. 

The Hart process consists essentially of three major 
steps: Reinforcing the tube ends; preparing the tube 
ends for welding; and welding. 

To obtain the maximum strength with light gage 
tubes, it is necessary to reinforce the ends of the tubes to 
provide greater wall thickness for the welds. If the 
tubing has a comparatively heavy wall, or if the maxi- 


_*Sales Promotion Manager, Steel & Tubes, Inc., Subsidiary of Republic 
Steel Corp., Cleveland, Ohio. 
t Patented. 
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Hart Process 


mum strength is not necessary, reinforcing is not re 
quired. Reinforcing is done by expanding the end of 
the tube slightly for a distance of | to 1'/, inch by means 
of a punch. Into this expanded end a reinforcement 
is placed. In bicycle construction this is generally a 
tube of about 14 gage material, with a heavy cross 
knurl. After the reinforcement is placed within the 
tube, the tube is pressed through a die, drawing the end 
of the tube down over the knurled reinforcement to the 
original diameter in such a way that the points of the 
knurl are firmly imbedded in the inner wall of the tube. 
This makes a very fine mechanical and electrical con- 
nection between the tube and the reinforcement. This 
reinforcement provides a heavier wall at the end for 
welding and distributes the stress away from the actual 
joint. 

Figure 1 is a photograph showing steps in the rein- 
forcing process. 

In production this reinforcing is done in the special 
automatic machine which is fully automatic. Tubes to 
be reinforced are placed in a rack at the right hand end 
of the machine and the reinforcements are loaded into 
a hopper. The operation of this machine can best be 
explained by tracing the progress of one tube. The 
tube drops into guides and is moved forward through 
a die, then an indexing mechanism carries it forward one 
station, in which position a punch expands the end of 
the tube. It is then carried into the next position, 
where a second punch places an insert in the expanded 
end of the tube. It is then indexed to the third station, 
where a plunger forces the tube reinforcement back 
through the die, drawing the tube down to the original 
diameter. All three punches are carried on a single 
hydraulic ram so that at each stroke all three operations 
are performed. The indexing is controlled by a geneva 
movement and the complete operation results in one 
finished reinforced tube end with each stroke of the 
hydraulic plunger. 

The second step in the process is to machine the rein 
forced tube end in such a manner that a line contact is 


Fig. 1—From Left to Right: Knurled Reinforcement, Tube 
Expanded for the Reinforcement, Reinforcement Placed 
Within the Expanded Tube End, Tube Drawn Down Over 
the Reinforcement, and a Section of the Reinforced Tube End 
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Fig. 2 (Left)—Special Press Welder wi : 
Ait Operated Head for Crank =e, Bearing, 


Fig. 
Cran! 
th 
en 
Fig. 4—Electronic Timer for Press Welders, Providing ty 

Time Intervals from '/ 12 to '/» Sec., with 60-Cycle 
Current to 
th 
made at the inner edge of the tube only, leaving a small at 

wedge shaped space extending away from this line con 
tact to the outer edge. This contour is made very F 
simply with a special high speed form milling cutter. fo 
Milling is done in a special semi-automatic machine el 
which mills two ends simultaneously. With this 4 re 
machine it is merely necessary to place the tube within se 
air operated clamps and press a button. The tube Pp 
is clamped in position, the two heads move up at high di 
speed almost into contact, then a slow feed comes into ef 
play during the actual milling, at the end of which the cl 
two heads return and the clamp opens. This machine ce 


is capable of handling approximately 700 milled ends 
per hour. 

The third step in the process is to bring the machined 
tube end in contact with the mating part under heavy 
pressure and apply a very high current for a short time. 
In bicycle construction the pressure is approximately 
| or 2 ton; the instantaneous demand is 150 to 250 kva. 
during weld and the time interval 4 to 10 cycles of a 60- 
cycle current. This is accomplished in special press weld- 
ers of the type shown in Figs. 2 and 3. Figure 2 shows 
the type welder used for the crank hanger. The crank 
hanger tube is placed over the horizontal mandrel, and 
the tube to be welded to it is clamped vertically by the 
Elkonite-faced jaws directly under the mandrel. When 
the parts are in position the button is pressed and a 
small horizontal air cylinder operates to locate the 
vertical jaws on the centerline. Another air cylinder 
operates to clamp the vertical tube by means of a toggle. 
Air is then admitted to the cylinder at the top of the 
machine, and the roller bearing head comes down, ap 
plying the pressure between the parts to be welded. 
Fig. 3—Motor Driven Head Press Welder for Bicycle Head Joints The current is turned on by an electronic control for 
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ig. 5—Ch Welded Hart Joints at 
Also Milled Tube End 
Ready for Welding 


the desired length of time, and the cycle reversed. This 
entire cycle occupies from 2 to 3 sec., depending on the 
type of joint being made. 

The welder shown in Fig. 3 is used for joints similar 
to the head joint, where a mandrel is not placed within 
the tube. Its operation is similar to that described 
above except that the head is motor driven. 

Timing is provided by an Ignitron timer, shown in 
Fig. 4. Closing and interrupting the current is per- 
formed by electronic tubes and timing is in terms of 
electrical cycles, and half cycles. With a 60-cycle cur- 
rent, this means that welds can be timed from '/ 2 
sec., or any multiple to '/2sec. or longer. Two Ignitron 
power tubes, each conducting current in only one 
direction, close and interrupt the welding current. The 
effect is that of a single pole, single throw switch, syn- 
chronized with the current supply. Ignitron tubes 
contain no filament, hence there is nothing to burn out, 


of Metal 
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AT RIGHT 
Fig. 7—Cross Section of Hart 
Joint Showing Complete 


Fusion of the Parts 


Fig. 8—tLeft, Photomicro- 
graph of Joint Shown in Fig. 
7; Right, Gas-Welded Joint 
Showing Overheated Structure 
(100 Diameters 
Magnification) 


AT LEFT 


Fig. 6—Destructive Tensile 
Test of Hart Welded Joint 


and the current is carried in an are through mercury 
vapor. In addition, a heat control is supplied whereby 
the magnitude of the welding current can be varied 
from 20 to 100 per cent of maximum current by means 
of a small dial, thus avoiding auto-transformers, pri 
mary taps, and tap changes, and providing a smooth, 
stepless current adjustment. This heat control unit 
is small and is mounted on the right hand side of the 
welder, where it is readily accessible for changes incurrent. 

The result of this welding process is said to be an ab- 
solutely clean joint that requires no finishing. Figure 
5 shows two such joints as they came from the welder, 
and a tube machined ready for welding. 

Exhaustive tests in bending, in tension and under 
vibration have, it is claimed, shown the Hart joint to be 
stronger than the tube. Figure 6 shows such a joint 
tested to destruction under tension. For over a year, 
repeated destructive, vibration and actual road tests 
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have been made on complete bicycle frames in order to 
subject the joints to every possible type of stress and the 
joints have consistently demonstrated ample strength. 

Figure 7 is a section of a head joint showing the com- 
plete fusion of the outer tube, the reinforcement, and the 
cross tube. Change in grain structure is held to a 
minimum, due to the rapidity with which this process 
takes place, as may readily be seen by comparison of the 
photomicrographs in Fig. 8. The one at the left is of 
the structure of the joint shown in Fig. 7, and shows the 
complete fusion of the three parts, with very limited 
change in grain structure. The one at the right is a 


photomicrograph, at the same magnification, of 
welded joint showing an overheated structure. 

The Hart process is a true machine process in every 
stage. As can be readily appreciated from the photo. 
graphs, the reinforcing and milling operations, once 
they have been set up, eliminate the human equation 
The same is true of the welding operation, as the vacuym 
tube timing control holds the time interval to a definite 
figure, the current is accurately controlled and the 
pressure is applied mechanically. Consistent results 
and great strength are declared to be characteristic of 
this process of high production machine welding. 
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METAL SPRAYING AND ITS AID 


By R. E. KUNKLER' 


ECAUSE nearly every one here is connected with 
B the oil industry, either with an oil producing com- 
pany or an oil field repair company, I am going to 
confine my remarks to applications concerning the oil 
industry only. 

The first advantages of metal spraying in the oil fields, 
besides its economy over welding, are as follows: 1. 
Shafts, etc., may be restored to their original dimensions 
without any danger of warping or localizing heat stresses. 
2. Nearly any metal can be applied to practically any 
type of shafting giving either a soft machinable surface 
or an extremely hard-wearing surface which must be 
ground. Metals can be applied to ordinary steel shaft- 
ing. The metal sprayed surface will resist the various 
corrosive conditions which are prevalent in the oil in- 
dustry. 

A good example of a wear resisting coating is found 
in the following test on Ideal Slush Pumps made by a 
large oil company in South America. For actual com- 
parison, one new rod and one metal sprayed rod were 
placed in each pump. Results at the time of inspection 
were as follows: 


Pump No. 1—Checked after 32,690 strokes: 
Metal sprayed plunger worn 1.26 mm. 
New plunger worn 1.82 mm. 
Pump No. 2—Checked after 121,319 strokes: 
Metal prayed plunger worn 0.75 mm. 
New plunger worn 1.60 mm. 


Let me cite another example showing how a metal 
sprayed coating stands up under severe wear and ex- 
treme corrosive conditions. About five years ago a large 
refinery in the Chicago area was replacing their hot oil 
pump rods every year. They tried metal spraying them 
with stainless steel. This was so successful that one 
year ago when I received a report on this company I 
found that approximately */,; of all their hot oil pump 
rods were metal sprayed and that some of them had been 
in service as long as four years and were still in service- 
able condition. 


* Paper presented at December 23rd Meeting of the San Joaquin Valley 
Section of the AMERICAN WELDING Soctety. 
t Engineering Dept., of the Metallizing Company of America, Inc. 
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to the Oil Industry 


One refinery in Oklahoma, up to July 1935, had six- 
teen 8'/: inches x 42 inches long hot oil pump plungers 
metal sprayed. Two of them at that time had been run- 
ning continuously for two years. 

The value of metal spraying to the oil industry is 
clearly shown by the fact that every one of the major 
oil companies in the world owns and operates metal 
spraying equipment. Besides the major companies we 
have many companies refining only approximately 1000 
barrels a day. From the largest to the very smallest 
plants they have all found it of great value to them in 
cutting their maintenance costs. Of principal value to 
them is the fact that shut-down time is cut to the very 
minimum because of the ease in salvaging the equipment 
and the increased life which metal spraying gives the 
equipment. 

About three weeks ago we did two interesting jobs for 
a major oil company in Taft in which I believe you will 
be interested. One was a crank shaft out of a 40 hp., 4 
cycle, Bessemer Gas Engine—the ball bearing fit and 
the fly wheel fit were undersize. Because of the position 
of the two fits it was possible to shrink a sleeve on the 
ball bearing fit but not on the fly wheel fit. We metal 
sprayed this crank shaft, which was valued at more than 
$500.00 for a total cost of approximately $25.00. 

For this same company we built up a 36-inch booster 
pump steam piston with M25 bronze. Formerly they had 
been welding them but we were able to do it at appreciably 
smaller cost and in less time. In order tc weld they would 
have had to apply nearly '/, inch of metal to machine off 
and in many cases this procedure results in too much 
metal on one side and too little on the other, making :t 
necessary to reweld. We allowed '/;s inch on a side for 
finishing. The first cut across showed that we were 
within 0.005 inch of being true completely around the 
piston. This same company has also found the equip- 
ment of great value in repairing cavitations inside hy- 
dromatic brake drums. 

I have here a list of some of the many applications for 
metal spraying in the oilindustry: Hot oil pump plungers, 
inside of pump casings, wash pipes on swivels, centrifu- 
gal pump impellers, casings, spindles and rotors, spin- 
ner caps, centrifugal spindles, babbitting numerous 
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hearings, slipper shoes and guides, crank pins and bear- 
ings, valve and cam gear parts, triplex cranks and pins, 
compressor valve stems, blowers, seal ring bearings on 
turbine shafts, bearings on steam turbine shafts, piston 
rods on gas cylinders of air compressors, air compressor 
cylinders and pistons, Cooper gas engine pistons, balance 
drum for high-pressure centrifugal pumps, ball bearing 
fits on pump shafts, pump sleeves for centrifugal pumps, 
steam and oil valve stems, loading pump piston rods, 
tinning gas engine main bearings to receive babbitt, drill- 
ing engine cat heads, drilling engine line shafts, drilling 
rig rotary table shafts, Reese turbo pump impellers, 
Reese turbo pump impeller shafts, Ideal slush pumps, 
high-pressure gate valve wedges, Waukesha engine clutch 
shafts, Waukesha engine power take off housing, Ajax 
drilling engine piston rods, mud pump piston rods (fluid 
end), rotary air compressor rotor shafts, crankshafts, 
centrifugal pump wear rings, blower shafts, low pressure 
hot oil valve wedges, triplex pump cylinders, tapered 


stop cocks, Cooper Bessemer crank pins, bronze pump 
plungers, armature shafts, press fits, all parts subject to 
wear and frequent replacement. 

Besides the aforementioned machine shop applications 
we have many in the protection of tanks and equipment 
from atmospheric and chemical corrosion such as: 

Aluminum to resist hydrogen sulphide in: Coke 
chambers, heat exchangers, flash chambers, reaction 
chambers, dephlegmators, fractionating columns, bubble 
trays and caps, surge pots, furnace tube headers and valves. 

Aluminum for protection against heat oxidation and 
corrosion of: Burner caps, burner pipes, thermocouple 
tubes and a multitude of parts subjected to heat. 

Spraying various corrosion resisting metals such as 
zinc, lead, cadmium and aluminum to equipment sub 
jected to atmospheric and chemical corrosion: Water 
tanks, hydrant bases, condenser boxes and coils, un- 
derground pipes and fittings, blowers, ball floats and 
all exposed parts. 


Welding Copper 
Bus Bars 


By B. B. BESSESEN? 


Brazing Alloys,’’ by Mr. R. A. Goeller, impels me 

to contribute our experience in the Power Plant at 
Wilson Dam during the summer of 1934. Our problem 
was handled differently, although in many details it was 
similar. 

The problem was to take care of the expansion in four 
40,000-kva., 12-kv., 3-phase bus circuits each 3600 feet 
long. Each phase of these four circuits was made from 
two copper bars, '/, inch by 4 inches wide, clamped in 
place edgewise. These buses were in separate compart- 
ments in a brick and concrete tunnel. They were sup- 
ported on the wall of the tunnel by porcelain insulators 
mounted horizontally, six feet apart. The bars were 12 
feet long and clamped together solidly. When move- 
ment took place in this bus, the insulators were broken 
from the support and the bars buckled. 

We consulted with a number of engineers with the 
utilities and manufacturers of welding apparatus. We 
also discovered that this was a problem none too familiar 
to welding engineers. From the first, we were satisfied 
that we wanted to weld the buses into longer lengths. 

We used a 300-ampere electric welder with carbon 
electrode. We placed the machine in the middle of the 
tunnel to save expense of moving. When we came to 
welding the copper bars of a given circuit, while we 
welded on one phase, we used the other two phases for 
our welding circuit and ground return. By using port- 
able terminal clips with our welding electrode the job 
was expeditiously handled. 

Our method of welding was as follows: all the welds 
were butt welds. We made a carbon block template and 
clamped on the side of the copper bar. The bar had been 
unclamped and turned down flatwise next to the insula- 
tor it was fastened to. This carbon block had a slight 


t Tennessee Valley Authority, Wilson Dam, Ala, 


yj hg article on “Joining Copper Bus Bars with 
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groove next to where the weld would be, such that the 
thickness of the weld would be slightly more than the 
cross section of the bar and enough to offset the slightly 
increased resistance caused by the weld. 

We consider the electric welds to have made a first- 
class joint. One reason was that because of the carbon 
arc, the heat was applied so short a time that the ter- 
minals of the bars were annealed to a minimum degree. 
Before having made any welds for the job, we did some 
experimenting and found the joints were homogenous to 
a high degree and there seemed to be no reason for an- 
ticipating trouble because of any bending or other strains 
causing the welds to break. 

The terminals of the bars were cleaned and made ready 
for welding by one crew. The points were left about '/; 
inch apart. The bars were clamped to keep them from 
moving. The welder applied the Phos copper '/4-inch 
welding rods with the electric current on approximately 
20 seconds per joint. The bars were welded into lengths 
of approximately 100 feet each. Exceptions to this were 
on sharp turns such as stairways and other bends when 
the bars were shorter. 

A second crew followed the welder, putting the double 
copper bus back in place. These 100-foot bars were 
tied together with flexible braid copper expansion joints 
welded in place. The bars themselves were fastened 
solidly at their center point and allowed to expand in 
each direction from its middle toward the expansion 
joint, the clamps holding the bars in place as the insula- 
tors were turned up tight and then the nut freed approxi- 
mately 1 turn using a lock nut to be sure the nut stayed 
in place with the pressure constant. Pure vaseline was 
used on these slip joints within the clamps. 

As one phase was completed, the next phase followed 
and so on, until we completed the three phase circuit. 
At that time, we actually completed two of the circuits 

Slightly less than 700 pounds of Phos copper welding 
rods were used at a price of fifty-two cents per pound for 
the whole job. The circuits were tested for temperature 
and expansion as well as resistance. A maximum of 
4000 amperes was used. The temperature rose to about 
200° F. The circuits tested out entirely satisfactorily 
and have been in constant use ever since, operating con- 
tinuously. No trouble has been experienced, and it does 
not appear that any might be anticipated. 
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AN ELECTRONIC ARC-LENGTH 


By WALTHER RICHTER! 


N THE March 1935 issue of Electronics, a voltmeter 
for D.C. are welding was described. In this instru- 
ment the arc voltage was applied over a high resis- 

tance to the grid of a vacuum tube and a condenser was 
shunted across grid and cathode. The rapid fluctua- 
tions of the arc voltage are filtered out by this combina- 
tion, and a meter placed in the plate circuit of the tube 
can therefore be calibrated in terms of average arc volt- 
age. It was also possible to spread the scale of the meter 
so that it covered the range of welding voltage only, 
which leads to an increase of accuracy in determining 
the average arc voltage. 

The application of this instrument in the shop not only 
showed that different welders using the same electrode 
and amperage would weld with voltages differing as much 
as four volts, but also that some kept the arc voltage con- 
stant within one to two volts, while others covered a 
range of five to six volts during welding. Some elec- 
trodes will operate well over a fairly wide range of values, 
but others were found to give decidedly inferior results 
when the welding voltage deviated as much as three volts 
from the value determined in the laboratory. The in- 
strument described above permits a bystander to observe 
the performance of an operator, or it can be used to ad- 
just the are length held by an automatic weld head to 
the correct value, but it cannot be read by a hand welder 
since he must keep his eyes at all times on the arc. It, 
therefore, seemed desirable to have an instrument which 
would inform the welder about the voltage on his arc 
without requiring that he look away from the arc. 

Acoustical means were considered first, but were found 

undesirable for several reasons. In the instrument de- 
scribed in this paper the problem is solved in the follow- 
ing manner: Two small flashlight bulbs are mounted in 
the welding shield or hood, one on each side of the win- 
dow through which the welder looks at the arc. The 
circuit to which the bulbs, as well as the arc, are con- 
nected contains a potentiometer bearing a calibration in 
volts. This potentiometer can be set to any desired 
value, say, 35 volts. If the average are voltage is held 
to 35 volts, both bulbs will be extinguished; if the volt- 
age rises to 36 volts the right bulb starts to glow faintly 
increasing in brilliance with an increase in deviation; if 
the are voltage falls below 35 volts, the left bulb acts in 
‘the same manner. The maximum brilliance is kept well 
below the point of hurting or blinding the welder’s eyes. 
He can keep his conscious attention entirely on the arc, 
yet will be able to notice a surprisingly faint glow out of 
“the corner of his eyes’ and can, therefore, immediately 
correct the deviation from the desired condition. 

The principle of the circuit by means of which these 
results are obtained is the following: The are voltage or a 


* Abstract presented at the A.I.E.E. winter convention, New York, N. Y,, 
January 24-28, 1938 

t In charge of electrical engineering and research for the A. O. Smith Cor- 
poration, Milwaukee, Wis. 
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part thereof is connected in opposition to an adjustable 
D.C. voltage. The resulting differential voltage is filtered 
by a resistance-capacity combination, leaving only the 
average difference. By means of an electron tube an 
alternating voltage is next produced with a magnitude 
which is a function of the above mentioned filtered dif. 
ferential voltage: it is zero, when the differential voltage 
is 2.5 or more, about ten volts, when the differential volt- 
age is ].5 volts, and about 20 volts, when the differentia] 
is 0.5 or less. This alternating voltage, varying between 
zero and 20 volts as just outlined, is now connected in 
series with a fixed alternating voltage of ten volts, but of 
opposite phase. The sum of these two voltages is ob- 
viously a new alternating voltage, which not only changes 
in magnitude but also reverses in phase; it will be zero, 
when the differential D.C. voltage is 1.5 volts. This new 
alternating voltage is fed into the primary winding of a 
transformer, the secondary of which is center-tapped. 
The two sections of this winding and the bulbs in the 
welder’s helmet form a bridge arrangement, and between 
the center tap of the transformer and the junction of the 
bulbs a fixed alternating voltage is introduced. The 
current produced by the latter in the two bulbs is ad- 
justed by means of a variable resistor to a value just be- 
low the point of glowing. A voltage induced in the sec- 
ondary winding of the center-tapped transformer will 
then obviously increase the current in one lamp and de- 
crease it in the other, depending on the phase of the in- 
duced voltage. Since this voltage, as explained above, 
changes in magnitude as well as phase, either one or the 
other bulb can be made to burn with a change of the arc 
voltage. The value of arc voltage at which both bulbs 
will be extinguished can be set by changing the adjust- 
able D.C. voltage opposing it. 

The results obtained with the instrument are very 
satisfactory. In training men, it was found that new 
men acquired the ability to hold a steady arc in about 
one-third of the time that it took without the instru 
ment. The biggest advantage comes from the fact that 
all men could be trained to the technique best suited for 
the particular electrode. In one case the electrodes re- 
quired for the work had to be welded within narrow 
limits of voltage. All work was X-rayed and any defects 
had to be chipped out and rewelded. After equipping 
the operators with these instruments the necessary repair 
work dropped to a fraction of what it was before. In this 
connection it was interesting to note that relatively new 
men produced good work sooner than old welders. It 
was obviously easier to acquire the correct method right 
from the start than it was to break away first from a 
faulty habit. Men that have been trained with bare 
wire welding as a rule try to hold as short an arc as pos 
sible, which usually is undesirable for coated electrodes 
With the aid of the instrument, men with this type oi 
training could be switched over to coated electrode weld 
ing considerably faster than ordinarily. 
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FERRY “JOHN J. WALSH" 


By E. C. RECHTIN' 


HE all-welded ferryboat “John J. Walsh” is an 
excellent example of the practicability and sim- 
plicity of design which can be achieved by welding. 
The ferry was designed by Eads Johnson, M. E., Inc., 
and built by the Crane Plant of the United Shipyards, Inc. 
She is owned by the Westchester Ferry Corporation 
and operates between Yonkers, N. Y., and Alpine, N. J. 

Her basic design never loses sight of her only func- 
tion—to perform her ferrying service rapidly, economi- 
cally and safely, but it discards all unnecessary frills and 
“left-overs’ from customary ship design. This type 
of modern functional design has become a specialty with 
Mr. Johnson, and has earned him a well deserved repu- 
tation as a designer of welded ships 

As can be readily seen by the lines, the “John J. 
Walsh” has a trapezoidal mid-section, almost triangular 
in fact. The lower point of the triangle provides the 
engine foundation and the depth below the main deck 
at this point gives the necessary headroom for engine 
clearance where—and only where—required. 

The broad point of beam is on the waterline, where 
an inch of submersion gives the greatest load carrying 
capacity. The comparison with her total displacement, 
the weight of automobiles, say thirty-five cars, is quite 
small and great carrying capacity is not required over a 
large range of draft. Consequently, great values of 
tons displacement per inch of immersion are not re- 
quired, except at the load waterline. The triangular 
section does just this—the necessary flotation is ob- 
tained where—and only where—required. 

Safety, of course, is a paramount consideration in a 


| Manager, New Construction, United Shipyards, Inc., Brooklyn, N. Y 


ferryboat. Stability is the most important phase of 
that safety. Briefly, the stability of a vessel can be 
mathematically expressed as a function of the quotient 
of the moment of inertia of the waterplane (the plane 
formed by the waterline intersecting the hull at load 
condition) divided by the volume of the underwater 
body of the ship. Here again the triangular section 
develops the greatest area of waterplane in proportion 
to underwater volume which can be achieved using only 

straight line sections. Thus, the stability is accom 

plished by placing maximum transverse waterplane 
area where—and only where—it is required 

Straight lines for framing lead to economical fabrica 
tion. Straight lines or any combination of them in a lon 
gitudinal direction do not, however, help streamline flow 
and are not conducive to speed. The fore-and-aft lines 
of the ‘John J. Walsh” are therefore not straight, but 
follow an easy sweep, which helps her slip through the 
water smoothly and rapidly. This curvature is accom 
plished by the progressive changing of the basic tri 
angular shape, without introducing curved frames and 
still maintaining such easy sweeps that all of the plating, 
running longitudinally, can be pulled into shape with 
out heating or previous shop work. No unnecessary 
curves here, but curves in just the direction where 
wanted. Again we see a necessary characteristic, curva 
ture where—and only where —required. 

These points, safety, speed, ease of fabrication are all 
introduced in the right proportion but not accented to 
the detriment of any other quality. 

The principal dimensions of the “John J. Walsh” are as 
follows: 
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Length overall 
Beam over guards 
Beam molded 
Depth 

Draft, loaded 


153 feet O inch 
48 feet 0 inch 
38 feet 0 inch 
14 feet 6 inches 

8 feet 6 inches 


The ferry is a double-ended vessel propelled by a 
single screw at each end with propeller shaft extending 


through the entire length of the vessel. 


The main diesel 


engine is mounted amidships and both propellers re- 


volve when travelling in either direction. 


There is a 


rudder outboard of each propeller which locks in position 


behind a protecting skeg when going ahead. 


The stern 


tubes project from the hull, and the space between them 


and the hull is filled by a plated skeg. 


The framing 


sizes and arrangements are shown on the midship sec- 


tion illustration. 


It will be noticed that the framing 


and plating is particularly heavy for a vessel of this size. 
The designer had in mind, of course, the ice conditions in 


the Hudson river at Yonkers. 


clearly shown on the accompanying photograph. 


These conditions are 
The 


midsection also shows how the main engine foundations 
are made into the real backbone of the boat, how the 


power plant is designed to grip the keel itself. 


Here also 


can be seen how the whole deck area is clear for auto- 
mobiles with the exception of only the narrow island 
house, which is essential for access below and for carrying 
exhaust pipes and communication to the pilot house. 


The deck itself is flat and made of checkered stee] plate 
The area of deck—the revenue producing part of the 
ferry—is increased in the usual manner by outriggers o; 
sponsons. The brackets of the overhang are exception- 
ally heavy and solid. Again ice conditions were in ming. 
There are four transverse watertight bulkheads dividing 
the vessel into five separate compartments for the pur. 
pose of assuring safety if the hull should by some chance 
be punctured in an accident. An automible ferry cay 
be defined as a floating, propelled platform for the pur 
pose of getting cars quickly and safely across the river. 
How simply and completely this single purpose is ac. 
complished by the design of the “John J. Walsh’’ js 
quite apparent. 

From the standpoint of the welding engineer also. 
this vessel presents some interesting features. As ex 
plained above, for reasons of fabrication and necessary 
shape the plating and framing were placed at right 
angles to each other. This arrangement precluded any 
extensive panel assembly other than the transvers, 
bulkheads and it was accordingly decided to assemble 
the parts following the usual practice for riveted ship 
work—namely by erecting framework and covering it 
over witb the outer or enveloping plating. This method 
develops the familiar problem of double registry——two 
separate systems of structure—plating and framing, 
which must be accurately related. These two systems 
have, naturally, different characteristics of shrinkage 
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and it is quite easy to develop warping and distortion 
which will either deform the final structure or introduce 
locked up stresses of unknown and possibly serious 
amount. With this problem in mind every care was 
taken to follow a sequence of operations which would 
allow the structure to be regulated and aligned and yet 
permit any stresses to relieve themselves. The heavy 
keel plate was laid and completely welded for its full 
length and allowed to shrink lengthwise if necessary. 
Frames and bulkheads of the midship portion were 
fabricated in a jig and completely welded on the ground. 
The welding was carried around the frame in such a 
manner that the final closing of the rigid rectangle or 
triangle was made after the frame had crept as much as 
necessary for all other welds. These jig-made frames 
were very accurate to the lines of the vessel, and were 
erected and aligned by introducing the longitudinal 
girder members. Here again final closing of the girders 
with bulkheads was made after all of the structure was 
regulated and carefully brought into position. The 
structure as erected at this stage was a rigid framework 
between two very strong points, the engine room bulk 
heads. The inside strakes of plating were next lifted 
into place and tacked against the framing. Each plate 
was then welded to the frames, starting at the middle 
and working toward the end of the plate. The ends of 
the plating, or butts, were left free. These joints were 
lapped and any creep of the plating was taken up in the 
overlap. The outside strakes were next fitted and in a 
similar manner attached to the frames. The final closure 
along the seams with the inner strakes was made by lap- 
ping and welding away from the center. 


The structure now was complete with the exception 
of the deck out to the first pair of bulkheads. The lo- 
cation and squareness of the bulkheads was carefully 
checked with a surveyor’s instrument and found to be 
in error by about '/s inch. The two next sections out- 
beard to the peak bulkheads were added in a similar 
manner, again checked at the bulkheads. The final 
sections to the ends were added after the completion of 
framing and plating to the peak bulkheads. A final 
check by instrument from end to end of the boat at this 
stage showed a droop of !/; inch in 153 feet. 


The deck plating, being of checkered plate was in 
smaller plates than the shell. It was laid transversely 
and butt jointed on deck beams to provide a flush sur- 
face. This system of plating and joints of course does 
not permit of the flexibility given by the lap and care was 
necessary to avoid locking up stresses. Again working 
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outboard from the center was in order and the plates were 
joined and fastened to framing progressively. No dis 
tortion developed in the plating and no cracking of 
welds or plating noticed except in one location where 
exceptional rigidity of structure around one of the bulk 
heads seemed to make butt closure difficult. A small 
crack developed near one corner of a deck plate. By 
chipping out the weld and rewelding this difficulty was 
overcome. 


After final closure of all surfaces the vessel was again 
checked and found to be '/\. inch overlength and out-of 
square about '/s inch. 


The line for the main drive shaft was now run from 
end to end of the boat and bearings bored out. The 
main engine, representing the largest single weight in 
the boat was not in place. All shafting up to the engine 
was installed and the vessel was launched. The engine 
was placed in position and the alignment checked. It 
was found that the original shaft line had deflected two 
one-thousandths of an inch due to the different support 
and added weight. This speaks well not only for the 
solidity of the welded structure, but also for the well 
planned distribution of buoyancy and weight in the 
original design. 


Deck house and pilot house were added afloat and 
equipment and accessories fitted as required by the 
Bureau of Marine Inspection and Navigation. 


Trial trips were run and the vessel was approved by the 
Department of Commerce specialists. The results on 
performance were: 


Speed— 12.45 miles per hour. 
Turning circle 300 feet diameter. 
Metacentric height loaded — 13.60 feet 


The ferry was placed in actual operation immediately 
and in the first few days experienced a severe test due to 
heavy ice. In spite of this handicap, however, she is 
successfully replacing two older ferries and maintaining 
their schedules. The continued successiul operation 
of the “John J. Walsh” will demonstrate the practica 
bility of simple functional design, and add another to the 
list of accomplishments of welding. 


Welding Helps Steel 
Pickling Line 


On the cover is shown an illustration of the delivery 
end of the two 505-ft. long continuous pickling lines at 
Republic Steel Corp.'s new 98-inch continuous strip 
mill in Cleveland. Coils of strip are immersed in four 
sulphuric acid tanks and two water rinse tanks to re 
move all scale and thoroughly clean them. The steel 
is then dried and sent by underground conveyor to the 
cold mill. 


The 12 tanks in the pickling lines, the largest of which, 
containing acid, are 4 ft. 10'/, inches high, 8 ft. 10 inches 
wide and 61 ft. long, are of welded construction. They 
are fabricated of standard structural steel channels, 
angles, beams and */s-inch plates. 

(For further information see also page 43.) 
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WELDABILITY and 


PROPERTIES of 


Materials for Casing Strings 


INTRODUCTION 


ITHIN the past two years the welding of oil well 
casing has been introduced as a method of joining 


in the field individual pipe lengths superior to that 
of the conventional mechanical coupling. At least two 
important technical papers on the subject have ap- 
peared.'? The welded joint, however, is by no means 
generally accepted, and some considerable degree of skep- 
ticism as to the ultimate success of this relatively new 
practice prevails among oil field operators. A recent 
survey of oil well casing practice in the mid-continent 
field shows that only two to three per cent of the sur- 
face pipe (with setting depths ranging up to 1100 feet) 
and only one per cent of the water and oil flow strings 
(with setting depths up to 4500 feet) installed within the 
past year has utilized welded joints. It is understood 
that practically all surface casing in California fields has 
been welded for the past four years. 

Increasing interest in the welding method continues 
with general opinion indicating probable gradual increase 
in the use of welded casing strings within the next two 
years. Those who have pioneered the method claim that 
its success has already been established. In view of the 
present and probable future importance of welded casing 
strings, a discussion of the weldability of casing steels 
should be of wide interest. Present practice in the field 
welding of casing strings and the advantages of such 
welded strings are discussed in the two subsequent papers 
of the symposium. 


CASING STEELS—STANDARD TYPES 


A number of grades of pipe differing in process of manu- 
facture and in the chemistry and physical properties of 
the steels are included in the A.P.I. Pipe Specifications 
(A.P.I. Standards No. 5-A), Table 1 summarizing the 

* Paper presented at Western Regional Conference, AMERICAN WELDING 
Society, Los Angeles, California, March 21-25, 1938 


t Chief Metallurgist, Babcock & Wilcox Company, Barberton, Ohio 
t Vice-President, Babcock & Wilcox Tube Company, Beaver Falls, Pa. 


chemical and physical requirements of the specifications 
for the various kinds and grades of pipe. 

The various types of furnace lap-welded or butt 
welded pipes are necessarily made of low-carbon stee] or 
iron with low-tensile properties. These materials were 
in much more general use during the early history of oi! 
well drilling, but have become of relatively minor impor 
tance in present deep well operations, which require steels 
of higher physical properties. Welded steel pipe utilizes 
steel of chemical composition practically identical with 
that of Grade A seamless, and, aside from considerations 
of the quality of the longitudinal forge or furnace welds, 
discussion of the metallurgy of such welded pipe may be 
merged with that of Grade A seamless. 

Four grades, A to D, of seamless pipe are covered by 
the specification, the four grades representing a progres 
sive increase in minimum tensile properties and having 
been successively introduced to use as the increasing 
depths of holes demanded steel of superior physical prop 
erties. The bulk of casing pipe is of Grade C with a 
minimum tensile strength of 75,000 Ib. per square inch, 
Grade D being so far restricted in its use as casing pipe to 
the bottom lengths of the deepest wells. 

Restrictions with respect to the chemistry of the steels 
required to meet the minimum tensile properties of the 
four grades are negligible, only manganese, sulphur and 
phosphorus being specified, with a wide permissible 
range for the manganese content in the last three grades. 
The selection of a combination of carbon and manganese 
contents to meet the physical requirements of the various 
grades is left to the pipe manufacturer or is reached by 
agreement between manufacturer and user. Typical 
average chemical and physical properties for the four 
grades are presented in Table 2. 

The increasing tensile values of Grades A to D are 
generally obtained by increasing simultaneously the 
carbon and manganese contents. Greater spread in the 
manganese range used will be found in Grade D pipe than 
in the lower tensile grades, manganese contents up to 
1.70 per cent being used for grade D. Seamless pipe 
will generally be of silicon-killed steel, and, while the 


Table 1—Specifications for Casing Pipe (A.P.I. Standards 5A) 


Open- Welded Welded Open-Hearth 
Wrought Hearth Bessemer Steel Seamless and Electrically Welded 
Physical Properties Iron Steel Steel Class I Class IT Grade A Grade B GradeC_ Grade D 
Minimum tensile strength, 
ib./sq. in. 42,000 42,000 50,000 45,000 48,000 48,000 70,000 75,000 95,00 
Yield point, Ib./sq. in. 24,000 24,000 30,000 25,000 28,000 30,000 40,000 45,000 55,00 
Elongation in 8 in., % 12.0 20.0 20.0 22.0 20.0 
Elongation in 2 in., % 40.0 25.0 20.0 18.0 
Chemical Properties 
Manganese 0.16% Max. 0.30-0.60 0.30-0.60 0.30-0.60 0.30-0.60 0.35-1.50 0.35-1.50 Mfr. option 
Phosphorus Impurities 0.11 Max. 0.045 Max. 0.045 Min. 0.04 Max. 0.04Max. 0.04 Max. 0.04 Max 
Sulphur of: C,S, P, 0.065 Max. 0.06 Max. 0.08Max. 0.06 Max. 0.06 Max. 0.06 Max. 0.06 Ma» 
Si, Cu, Mn 0.06 Max. 
26 THE WELDING JOURNAL MAY 
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residual silicon is present as a result of such deoxidation 
practice for improvement in pierceability of the steel, its 
sresence Will contribute slightly to enhanced yield and 
tensile strength. 

Considerable spread in the tensile properties of each of 
the four grades as commercially produced is also found, 
particularly in the higher tensile grades. In Grade D 
pipe wide variations exist by reason of variable chemistry 
and also by variations in heat treating practice, the ten- 
sile properties ranging from the minimum specified 
55,000 yield point and 95,000 tensile strength to reported 
maxima of approximately 85,000 and 125,000 for yield 
point and tensile strength, respectively. The increasing 
yield points and tensile strengths of Grades A to D are 
naturally accompanied by increasing hardness and de- 
creasing ductility and toughness. 

Grades A to C are usually produced without heat 
treatment subsequent to rolling mill operations. Heat 
treatment is generally given to Grade D pipe, heat treat- 
ment consisting of either quenching and drawing or nor- 
malizing with or without a subsequent drawing operation. 

Electrically welded pipe for the four grades is also pro- 
duced and recognized by the A.P.I. Pipe Specifications. 


COLLAPSING STRENGTH 


In drilling operations casings are subjected to an ex- 
ternal pressure from the column of water surrounding the 
casing, this pressure increasing proportionally with well 
depth. The casing is, therefore, subject to failure by 
collapse if the external pressure from the height of the 
water column exceeds the collapsing pressure of the pipe. 
High rock pressures of indeterminate values are also ex- 
erted upon the pipe. The collapsing strength of pipe is 
dependent upon a number of factors; departure of pipe 
section from true circularity; that is, ovality of pipe; 
wall thickness and manufacturing variations in wall 
thickness; ratio of wall thickness to diameter; and yield 
point in compression of the casing steel. 

Early formulas for calculating collapse pressure were 
largely empirical, being based on tests of pipe material 
of relatively low yield point, and did not take into con- 
sideration the effect of variable yield point. Recogni- 
tion is now made of yield point as the important factor 
in resistance of a pipe of given dimensions to collapsing 
failure, provided the ratio of wall thickness to diameter is 
relatively high (Fig. 1). For large diameter pipe of 
relatively thin wall no advantages in increased resistance 
to collapsing failure accrue from increased yield point of 


Table 2—Probable Range of Properties of Casing Pipe 


Grade A Grade B Grade C Grade D 
Tensile Properties 
Yield point, Ib./sq. in. 
Min 30,000 40,000 45,000 55,000 
Max. 45,000 55,000 70,000 80,000 
Avg. 39,000 50,000 58,000 68,000 
Tensile strength, Ib./sq. in. 
Min 48,000 70,000 75,000 95,000 
Max. 65,000 85,000 100,000 120,000 
Avg. 59,000 75,000 90,000 105,000 
Elongation in 2 in —% 
Min 40.0 25.0 20.0 18.0 
Avg 43.0 33.0 30.0 28.0 
Brinell 95--130 140-180 150-190 190-235 
Charpy (Avg.) 24ft.lb. 24 ft. Ib. 


Chemical Composition 


Carbon 0.08-0.18 0.20-0.30 0.30-0.42 0.35-0.48 
Manganese 0.30-0.60 0.30—0.80 0.60—0.90 1.10—1.70 
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0 t RATIO — OUTSIDE DIAMETER DIVIDED BY WALL THICKNESS 


Fig. 1—Chart Showing the Influence of Compression Yield Point on the Collapse Re- 
sistance of Casings Having Various D/t Ratios. The Envelope Curve Is Plotted from the 
Sturm Equation. (Courtesy of the A. O. Smith Corporation) 


pipe material. For deep well casing pipe the ratio of 
wall thickness to diameter is such that increased yield 
point results in increased critical external pressure for 
collapsing failure, so that the use of high yield point 
steels permits considerable increase in the safe maximum 
setting depth of casing pipe. The benefit of high yield 
point pipe material is not confined to increase in safe 
depth of casing, since for wells of moderate depth the use 
of high yield point material results in the substitution of 
pipe of thinner wall thickness (within the applicable 
limits of the ratio of wall thickness to diameter). 

In view of these advantages, high yield point casing 
pipe material has been recently introduced, the high 
yield point being obtained by the use of alloy steels, with 
or without heat treatment, or by subjecting casing pipe 
of steel of normal composition to a cold working treat- 
ment. 


HIGH YIELD POINT CASING—COLD WORKED STEEL 


Cold working of steel results in an increase in elastic 
limit or yield point, tensile strength and hardness, while 
ductility and toughness is reduced, brittleness being 
eventually developed. The elastic limit or yield point 
is particularly responsive to small amounts of cold defor- 
mation, which permits an increase in yield point without 
an excessive decrease in ductility. 

One manufacturer of casing pipe utilizes such cold 
working effects by subjecting the pipe, under heavy 
presses, to what is described as a ‘‘compression treat 
ment.’’ In this treatment pipe possessing a larger diame- 
ter than desired is compressed to the required diameter, 


the decrease in diameter being 6'/;% in one example of 
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Table 3—Physical Properties of High Yield Casing Pipe 
(Cold Worked) (A. O. Smith Corp.) 


in. O.D. 16 in. O.D. 
and Smaller and Larger 


Tensile strength, lb./sq. in. min. 85,000 70,000 
Tensile yield point, Ib./sq. in. min. 65,000 45,000 
Elongation in 2 in., % 20 20 


Compression yield point (min.) from 40,000 Ib./sq. in. for pipe 
with D/t ratio of 40 and over to 80,000 Ib./sq. in. for pipe with 
D/t ratio of 25 and less. 


6°/s inch diameter pipe cited by the manufacturer, in 
which the compression yield point was increased from 
66,000 to 91,000 lb. per square inch. Apparently the 
degree of cold working applied varies with the pipe size 
and wall thickness, since the minimum required compres- 
sion yield point varies from 40,000 lb. per square inch 
for pipe with a ratio of diameter to wall thickness(D/t) 
of 40 and over to 80,000 Ib. per square inch for pipe with 
this ratio 25 and less. The tensile yield point require- 
ments of the pipe are considerably less than the minimum 
compression yield points, the required tensile properties 
being indicated in Table 3. 


HIGH YIELD POINT CASING—LOW-ALLOY STEELS 


The application of low-alloy steels to the production of 
high yield point casing may be considered as a phase of 
the general development and application of low-alloy 
high-strength steels which have been introduced within 
the recent years for fabricated engineering structures. 
In these steels increased strength is obtained by incor- 
porating relatively small amounts of various alloying 
elements, rather than by other methods of enhancing the 
tensility of steel, such as by cold working or by quenching 
heat treatments. High strength is characteristic of these 
steels in the hot-rolled condition or possibly after being 
subjected to a simple normalizing treatment. 

The compositions vary widely as to alloying elements 
present and as to total quantity, with a maximum of 


about 3!/.% total, including incidental manganese and 
silicon. In addition to carbon, eight alloying elements 
are in common use in the compounding of the low-alloy 
high-strength steels—chromium, copper, manganese. 
molybdenum, nickel, phosphorus, silicon and vanadium, 
These elements affect the tensile properties of steel py 
changing the grain size and inherent strength of the fer- 
rite, or by changing the amount, distribution, form and 
size of the carbide constituent, or by precipitation hard 
ening; that is, strengthening of the ferrite by precipita 
tion of keying particles along the slip planes of the fer 
rite. The methods by which the various elements effect 
increased hardness and strength are summarized jn 
Table 4. 

Increased yield strength accompanies the increase jn 
tensile strength and hardness conferred by additions of 
alloying elements, some of the elements (copper, phos 
phorus, nickel and silicon in particular) being especially 
effective in increasing the yield strength without unduly 
increasing the tensile strength, thus securing a high elas 
tic ratio (yield strength to tensile strength). 


Table 4—Methods by Which Alloying Elements Increase 
Strength of Steel 


(Elements arranged according to relative intensity of their effects 


A—Solid Solution Hardness: C—Carbide Nature and Form 
(1) Phosphorus 
(2) Silicon 
(3) Manganese 
(4) Nickel 
(5) Chromium in excess of 


(1) Vanadium 
(2) Chromium 
(3) Molybdenum 
(4) Manganese 


that required to form D—Hardenability on Cooling 
carbides from Above Critical Rang 
(6) Molybdenum in excess (1) Carbon 
of that required to form (2) Phosphorus 
carbides (3) Manganese 
(7) Vanadium in excess of (4) Chromium 
that required to form (5) Molybdenum 
carbides (6) Vanadium 
(8) Copper (7) Nickel 


(8) Silicon 
E—Precipitation Hardening 
(1) Copper 


B—Refinement of Grain: 


(1) Vanadium 
(2) Molybdenum 


Table 5—Low-Allcey Steels for Casing Pipe* 


Steel No. l 2 
Type C-Mn Mn-Cu (1% 


Analysis 


Carbon 0.35—-0.48 0.30 Max. 
Manganese 1.10-1.70 1.00-1.25 
Silicon 

Copper 1.00-1.15 
Nickel 

Molybdenum 

Vanadium 

Chromium 


Physical Properties 
Yield point 1000 Ib./sq. in. 55-80 75-85 
Tensile strength, 1000 Ib./sq.in. 95-120 
A.P.1. grade 
Heat treatment 


(approx.) 
100-115 (approx.) 
D (usual) D—(Hi-Yield) 
Normalized Precipitation 

of Qand D hardened 


e 4 
Mn-Cu ('/2%) Mn-V or 


3 5 f 
Cr-Mn-Si Cu-Ni Cr-V 
Mn-Mo 


0.30 Max. 0.10-0.20 0.30 Max. 0.08-0.25 0.15.25 


1.00-1.25 1.20-1.45 1.00-1.40 0.50-0.80 
0.60-0.90 
0.50 Max. 1.90 
2.00 
0.20-0.30 
oF 9.09-0.12 
0.40-0.60 0.80-1.10 
45 Min. 55 Min. 50-67 60-75 55-85 
75 Min. 90 Min. 75-106 75-100 85-125 
. Cor D C or D C or D Cor D 


As-rolled As-rolled or As-rolled or As-rolled or As-rolled or 


normalized normalized normalized normalized 


Steels 4 to 7 and other similar low-alloy steels may have yield points and tensile strengths in excess of values indicated by increase 10 


carbon content or by quenching heat treatment. 


Weldability will be dependent upon composition. 


® For more complete list of low-alloy high-strength steels refer to chapter on this subject in AMERICAN WELDING Society Welding 


Handbook. 
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While greatly increased strength is naturally accom- 
janied by a decrease in ductility and toughness, low- 
alloy steels provide a higher ductility for a minimum 
tensile strength than a plain carbon steel of equivalent 
tensility. Low-alloy structural steels have generally 
been designed to provide ample ductility to withstand 
cold forming operations in their fabrication and to permit 
plastic yielding at locally high stressed zones in the struc- 
ture in service. The other requirement of a satisfactory 
low-alloy high-strength structural steel is freedom from 
excessive air hardening or weld hardening characteristics 
so that hard, brittle welds are not produced where weld- 
ing fabrication is applied. 

The usual steel of Grade D pipe (see Table 2) should 
be considered as a low-alloy steel, since the manganese 
range of 1.25% to 1.75% classifies it as an intermediate 
manganese steel. On this basis the metallurgy of Grade 
1D) steel of the usual compositions employed should be con- 
sidered with that of the various low-alloy steels. 

To the writers’ knowledge only a few special low-alloy 
steel compositions have been used—and only in limited 
quantities—for high yield point casing. The first two 
steels of Table 5 have been produced and used as casing 
pipe, although no record of their use in welded strings is 
available. These low-alloy casing steels differ from the 
low-alloy high-strength structural steels in that they have 
been supplied in the heat-treated condition. Steel | is 
the intermediate manganese high-carbon steel of usual 
Grade D pipe supplied in the heat-treated condition. 
Casing pipe of steel composition 2 is produced in the 
precipitation hardened condition. Copper bearing steels 
with copper in excess of 0.60% are susceptible to pre- 
cipitation hardening on reheating them to approximately 
900 to 950° F. after normalizing treatment. Steels con- 
taining approximately 1% copper will show after pre- 
cipitation hardening an increase in yield point of ap- 
proximately 25,000 Ib. per square inch and an increase in 
tensile strength of approximately 20,000 Ib. per square 
inch over the values in the normalized condition. Steel 
3 of Table 5 is not a high yield steel, since it is produced to 
meet Grade C requirements. It has been put in the 
table by reason of the fact that it is an intermediate man- 
ganese steel with copper present up to '/2% maximum. 
It has been reported that this steel of intermediate yield 
point has been used for welded casing strings. 

The remaining steels of Table 5 represent some of the 
commercial low-alloy high-strength steels which may be 
adaptable to the production of high yield point casing 
pipe, although some modification of these standard an- 
alyses may be necessary to secure optimum results. 


WELDING OF CASING STRINGS—REQUIREMENTS OF 
WELDED JOINT 


Casing strings are run into a well with speeds which 
are unbelievably high to any one not familiar with oil 
well drilling operations, conventional mechanical coup- 
ling joints being made in approximately three minute 
cycles. The same approximate speeds must be main- 
tained in lowering welded strings, and the welding prob- 
lem is, therefore, to produce a welded joint of satisfactory 
properties within a very limited time period, the weld 
to be made on the pipe in a vertical position. An ap- 
plicable welding practice must, therefore, utilize a proc- 
ess of welding with which assembly time and welding 
time will be a minimum. Practically no time is available 
lor preheating.* This restricts the welding process to 

* For certain steel compositions preheating is necessary for welding, and 
Some appliance for quickly preheating the pipe ends would extend the limits 


of steel compositions for welded casing strings without excessively increasing 


for making a weld joint. Such a preheating device would seem to be 
actica 


metal arc welding. Inability to preheat necessarily 
limits the choice of casing steels to those of ready weld 
ability; that is, steels of limited hardenability which 
will not possess excessively hard and brittle weld affected 
zones as a result of rapid cooling from welding tempera 
tures. Stress relieving or tempering treatments subse- 
quent to welding cannot be considered, which also 
limits the use of steels with tendency to weld hardening. 
In fact, the welded joint while still at relatively high 
temperatures must be able to withstand quenching in 
water, as the completed joint is immediately lowered 
into the well. 

Each welded joint in the casing string must possess 
satisfactory strength, ductility and toughness. Longi 
tudinal tensile strength is required, especially in deep 
wells, to withstand the dead weight of the pipe. A re 
cently installed deep well casing consisting of a bottom 
length of 4000 feet of 7°/s-inch O.D. 43 Ib. Grade D casing 
and of a top length of 7342 feet of 34 lb. Grade D casing 
(mechanical couplings) weighed 421,628 pounds,* which 
is equivalent to a static longitudinal tensile loading of 
approximately 38,000 lb. per square inch on the topmost 
pipe length of the string. Weld joints for such deep well 
operations should possess a tensile joint efficiency ap 
proaching 100%. 

The circumferential compression strength of the weld 
joint should be equivalent to that of the pipe material. 
Reasonable ductility and toughness of the weld joint is 
required to withstand normal impact loads involved in 
the lowering of the casing. 

These mechanical requirements of welded joints im 
plies the use of a type of weld joint of section at least 
equivalent to that of the pipe material. Various types of 
welded joints have been used, such as (1) butt joint, (2) 
bell and spigot joint, (3) double belled joint with backing 
up ring and (4) slip or sleeve, joint, as will be discussed 
in the following paper. 


WELDABILITY OF CASING STEELS 


For a given rate of cooling of steel through the critical 
range, increase in the amount of hardening alloying ele 
ments in the steel will tend to produce in succession pearl 
itic, sorbitic, troositic or martensitic conditions, which 
represent increasingly hard and brittle structures. The 
same sequence of structures is obtained with increasing 
rates of cooling for a steel of given composition. Con 
sideration of the thermal conditions pertaining to metal 
arc welding will immediately indicate that the weld 
metal and the affected zone of the parent metal are 
cooled at relatively higher rates from variable tempera 
tures in excess of the critical range of the steel composi 
tions involved. Hardenability of the weld-metal and 
parent metal under the rates of cooling from the maxi 
mum temperatures encountered at various points in the 
weld joint becomes the important factor in a discussion of 
the weldability of steels of various compositions. Hard 
enability can only be considered as a rough criterion of a 
steel’s weldability, since steels of different compositions 
may for an equivalent hardness possess different degrees 
of toughness or brittleness. 

From this view-point the quantity of hardening alloy 
ing elements, especially those which confer pronounced 
hardenability to steel, must be kept at a minimum to s« 
cure weldability. 

Examination of the order of magnitude for the various 
elements conferring hardenability to steel (Table 4) 
shows that carbon has the most pronounced hardening 
effect, so that carbon content of steel should be limited 
for ready weldability. In plain carbon steels without the 
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Fig. 2—Hardness of Affected Zones of Various Plain Carbon and 


additive effects of alloying elements, a carbon content of 
0.25% will produce a sorbitic structure (not a brittle 
structure) in the affected zone of a metal arc weld. 
When the carbon content exceeds approximately 0.35% 
to 0.40% with the usual amounts of manganese and sili- 
con present in plain carbon steels, the hardening on 
welding becomes sufficiently great to produce possible 
difficulty by cracking of the weld hardened areas. This 
limit has been established by experience with heavy 
welded plate. The limit may be reasonably increased 
slightly to possibly 0.40 to 0.45% carbon for welded 
structures with lighter sections, such as are involved in 
the bulk of casing pipe. 

When alloying elements are present their hardening 
effect on the steel is additive to that of plain carbon steel, 
so that with increasing quantities of alloying elements the 
carbon content, to maintain ready weldability in alloy 
steels, must be reduced from the maximum indicated for 
weldable plain carbon steels. Phosphorus has harden- 
ing powers of about the same degree as carbon, so that 
where high phosphorus is present in any alloy composi- 
tion which might be selected, the sum of the phosphorus 
and carbon should be considered as equivalent carbon 
content in determining the hardenability of the alloy 
steel. The other alloying elements confer hardenability 
in the decreasing relative order indicated in Table 4. 

Figure 2 represents the ranges in hardness of the af- 
fected zones of a number of steels of variable carbon con- 
tent (from 0.17 to 0.53%) and also of a number or com- 
mercial low-alloy high-strength steels. The hardness 
ranges presented represent the as-welded condition of 
the affected zone of relatively heavy plate adjacent to a 
single bead of metal arc weld-metal deposited at various 
rates of arc travel. 


30 


Low-Alloy Steels 


THE WELDING JOURNAL 


(From Data of Theisinger and Warner.) 


WELDABILITY OF STANDARD CASING STEELS 


Considering the usual chemical composition of stand 
ard casing steels (Table 2) in the light of the previous 
discussion, it would seem that under field conditions cas 
ing pipe of Grades A to C with chemistry as indicated in 
Table 2 can be satisfactorily welded. Certainly, there 
is no question of the ready weldability of Grades A and 
B with their relatively low carbon and manganese con 
tents. Paper by Hodell*® presents both experimental 
data relating to the ready weldability of Grade B and 
also experience in the running of Grade B casing by the 
welded joint method. Experimental data will be later 
presented in this paper on the weldability of Grade C of 
the usual composition. 

Grade D casing pipe, of usual composition, possesses 
too great hardenability for its successful application as 
welded casing strings by reason of its relatively high car- 
bon and manganese contents. 

Figure 3b shows the hardness values across the weld 
affected zones of welded joints in Grades A to D casing 
pipe. Weld hardening in Grades A to C is relatively 
small. In the weld affected zone of Grade D consider- 
able variation in the maximum hardness attained, is 
found on different samples, this being due to variations 
in analysis, previous heat treatment and hardenability 
as influenced by melting and deoxidation practice. The 
intermediate manganese steels are particularly suscep- 
tible to inherent grain size differences resulting from vari- 
ables in deoxidation practice, and the coarse grained 
steels generally possess greater hardenability. Such 
variations in hardenability affect the weldability of 
Grade D pipe, making its general application to welding 
strings extremely hazardous. 


MAY 


= 
if 
4 
hat 
" 
| 
| 
1 
4 
Wat 
— 
: 
4 
ae 
§ 
? 
- 
N 


iS 


tand 
vious 
S Cas 
ed in 
there 
and 
con 
ental 
} and 
V the 
later 
C of 


esses 
as 
| Car 


weld 
ising 
ively 
ider- 
d, is 
tions 
lity 
The 
cep- 
Vari- 
ined 
Such 
of 
ding 


MAY 


5 


Fig. 3(a)}—Macro-Section of a Butt Weld Joint. (Grade C Casing.) 
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HARONESS VALUES ACROSS THE WELD AFFECTED ZONES OF GRADES A TO D 


Fig. 3b 


Figures 4 to 8 show typical micro structures at various 
locations in the weld affected zones of welded joints in 
pipes of Grades A to D, as found adjacent toa single bead 


x? te 


(a) (b) 
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Fig. 4—Microstructure at 100 Diameters (Reduced '/» Size) of the Weld Affected Zone of Grade A Casing: C, 0.15%; Mn, 0.51%. 
(c) Near Unaffected Region; (d) Original Pipe Structure 


of metal arc weld-metal. The micro structures show the 
increasing hardening effect of the increasing carbon and 
manganese contents of Grades A to Il). Martensitic 
structures are produced in the weld affected zones, ad 
jacent to the line of fusion, of Grade D (Fig. 8), which 
contained the highest carbon and manganese contents. 
Two types of Grade D pipe are represented, the pipe of 
Fig. 7 having fine grained original structure, produced 
by a normalizing treatment, whereas the Grade D pipe 
of Fig. 8 has been subjected to a quenching and drawing 
treatment. Definite cracking was found in the weld af- 
fected zone of this sample (see Fig. 9). 

The structures of Figs. 4 to 8 will be found adjacent to 
the last bead deposited in a weld joint. The structures of 
the weld affected zone, adjacent to previously deposited 
beads will be subjected to a grain refining temperature 
during welding, the coarse structures of Figs. 4a, 5a, 6a, 
7a and 8a being replaced by the finer grained structures 
of Fig. 10. 


WELDABILITY OF HIGH YIELD CASING STEELS 


As previously discussed, casing steels to meet the physi 
cal requirements of Grade D pipe or to greatly exceed 
the minimum required yield point may be produced by 
a number of methods: (a) the use of plain carbon steel of 
normal chemistry with relatively low carbon and man- 
ganese contents, subjecting the pipe to cold working by 
a compression treatment followed by aging, (+) the use 
of low-alloy steels—and we may include the intermediate 
manganese steel with relatively high carbon content of 
usual Grade D composition in this catagory——subjecting 
the pipe to a hardening heat treatment with or without a 
subsequent draw, (c) the use of low-alloy steels with alloy- 
ing elements in sufficient amounts to produce the re 
quired physical properties in the as-rolled condition or 
normalized condition. 

In high yield point casing pipe of the first type (cold 
worked) the steel analysis is such that no excessive weld 
hardening will occur, and such pipe may be considered 
as readily weldable. The welding heat may, however, 
produce an actual softening or reduction in yield point 
or tensile strength of the affected zone of the pipe adja 
cent to the fusion zone. The practical effect in welded 
strings of such softening of the weld affected area is 
probably negligible unless the original hardening by cold 
working treatment has been excessive. For such high 
vield casing the weld affected area is small in extent and 
in at least the butt type joint is reinforced by the ad 
jacent thicker section of weld metal, which has an in 
herently high yield point. Collapsing tests on cold- 
worked high yield casing, as reported by Hodell,* showed 
no loss in collapsing strength at the weld joint. 


(c) (d) 

(a) Junction Zone; (6) Near Junction; 
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Fig. 5—Microstructures at 100 Diameters (Reduced '/: Size) of the Weld Affected Zone of Grade B Casing: C, 0.21%; Mn, 0.51%. (a) Junction Zone; (6) Near Junction, 
(c) Near Unaffected Region; (d) Original Pipe Structure 


(a) (b) (c) (d) 


Fig. 6—Microstructures at 100 Diameters (Reduced '/» Size) of the Weld Affected Zone of Grade C Casing: C,0.38%; Mn, 0.63%. 


(a) Junction Zone; (6) Near Junction; 
(c) Near Unaffected Region; (d) Original Pipe Structure 


2 


(a) (b) (c) (d) 


Fig. 7—Microstructures at 100 Diameters (Reduced '/2 Size) of the Weld Affected Zone of Grade D Casing (Normalized): C, 0.44%; Mn, 1.34%. (a) Junction Zone; (6) Near 
Junction; (c) Near Unaffected Region; (d) Original Pipe Structure 


(a) (b) (c) (d) 


Fig. 8—Microstructures at 100 Diameters (Reduced '/: Size) of the Weld Affected Zone of Grade D Casing (Quenched): C,0.48%; Mn, 1.55%. (a) Junction Zone; (6) 
Near Junction; (c) Near Unaffected Region; (d) Original Pipe Structure 
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Fig. 9—Photomicrograph at 100 

Diameters (Reduced '/: Size) of a 

Crack in Weld Affected Zone of 

Grade D Pipe (C, 0.48%; Mn, 

1.55%) Due to Excessive Hardness. 
Brinell 425 


Where increased strength is obtained by addition of 
strengthening alloying elements without subsequent heat 
treatment of the pipe, limitations as to the degree of 
strengthening are immediately introduced by reason of 
maintaining weldability. No trouble is encountered in 
producing a low-alloy steel with minimum physical re- 
quirements of Grade D casing steel without benefit of 
heat treatment and at the same time maintaining ready 
weldability. Table 5 shows a few examples of such steels. 
To increase the minimum yield point in the as-rolled con- 
dition from the 55,000 Ib. per square inch of Grade D 
requirements to 75,000 or 80,000 Ib. per square inch 
would require the addition of carbon or alloying elements 
in amounts which would produce excessive weld hard- 
enability and the steels would lack weldability. 

Relatively high yield points of 80,000 Ib. per square 
inch on casing pipe of weldable low-alloy steel can, there- 
fore, only be obtained by heat treatment of the pipe, the 
amount of carbon and other strengthening elements be- 
ing limited to permit ready weldability. Heat treatment 
would necessarily involve fairly rapid cooling with or 
without a subsequent drawing operation, or, in the case 
of the 1% copper-bearing alloy steels, would utilize the 
precipitation hardening treatment, which is a low tem- 
perature-drawing treatment at approximately 900 to 
950° F. on the steel in its normalized condition. Quench- 
ing treatments on pipe are relatively expensive in com- 
parison with the normalizing and drawing heat treat- 
ments required in precipitation hardening, and it is prob- 
able that any very high yield casing which is to have 
field welded joints would be based upon the use of copper 
bearing alloy steels susceptible to precipitation harden- 
ing. This is the basis of steel 2 of Table 5, which has been 
already used as high yield casing pipe in strings with 
mechanical couplings. Experiments have been conduc- 
ted on the weldability of this steel and satisfactory results 
reported. Such steels which are hardened by heat treat- 
ment may, of course, be susceptible to softening in the 
weld affected zone in the same manner as discussed on 
cold worked high yield casing pipe. Here again the prac- 
tical effects of such softening in the weld affected area 
would seem to be negligible for welded casing strings. 


» 


Grade A Grade B 


Intermediate yield points between the 55,000 Ib. per 
square inch minimum of Grade D specification and the 
high yield point of 80,000 Ib. per square inch can be se 
cured by various combinations of alloy composition and 
heat treatment procedure. 


ELECTRODES AND WELD-METAL 


The properties of the weld-metal required in a casing 
joint vary according to the physical properties of the 
grade of casing pipe being welded. Electrodes are avail 
able which will deposit weld-metal having minimum ten- 
sile strengths in the as-welded condition varying from 
55,000 to 100,000 Ib. per square inch, the composition of 
the weld-metal being chosen to meet the minimum re 
quired properties. Weld-metal in general has a relatively 
high elastic ratio as compared with rolled or forged steels 
due to the extremely fine grained conditions characteriz 
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Fig. 11—Butt Joint with Internal Backing Ring 


ing metal are deposited weld-metal. In general increased 
yield point and increased tensile strength in the weld 
metal is accompanied by a decrease in ductility. It is 
difficult to state authoritatively the minimum ductility 
required for the weld-metal in a casing joint, but the au- 
thors’ opinions are that the average ductility possessed 
by weld-metals having yield points up to 75,000 to 100, 
000, Ib. per square inch in the as-welded condition 
would be sufficient for service as a casing joint. 


EXPERIMENTAL WELDING OF GRADE C CASING 


It has been previously indicated that for Grades A and 
B casing pipe the usual chemistries employed are of de- 
finitely weldable quality. An extended investigation of 
the weldability of Grade C casing pipe of normal chemis- 
try has recently been made by the authors’ company. 
The experiments also involved the investigation of 
various types of joints and the development of a form of a 
butt joint which may have special advantages as a joint 
in a casing string over those heretofore used. 


Grade Grade D 


Fig. 10—Microstructures at 100 Diamete:s (Reduced to '/> Size) of Weld Affected Zones of Grades A to D Pipe Showing Refinement Resulting from Multiple Bead Deposition 
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Fig. 12—Butt Joint Assembled for Welding Showing Spacing Projection of Backing Ring 


Published reports have indicated less desirable results 
on butt joints than on joints of the bell and spigot type or 
of the double bell joint with backing up ring, the joint ef- 
ficiencies on test specimen being generally less with the 
butt joint than with other types under tensile loading. 
The simple butt joint has, however, inherent advantages 
for welded casing joints, as, for example, (1) no additional 
cost for upsetting or belling the pipe ends, (2) uniform 
diameter of string, which would permit smaller drilled 
holes and closer nesting of the different diameter casing 
arrangements, (3) a more uniform stress distribution 
across the welded joint as compared with other types. 

It would seem that a 100% joint efficiency could be de- 
veloped in a simple butt joint for casing if the means 
are provided for securing complete fusion through the 
wall thickness. In metal are welding girth joints on 
pipe under production this latter requirement necessi- 
tates the use of a backing up or chill ring, against which 
the first bead may be fused. Some form of chill ring 
could be used to which the metal would not be fused and 
which could be removed from the pipe, but an arrange- 
ment of this kind would involve considerable expenditure 
of time. If a steel backing up ring of usual dimensions is 
employed, to which the weld-metal is integrally fused, 


Fig. 14—Deformation Test on a Half Section of a 7 In. O.D. x 20 Lb. Welded Casing 


Fig. 13—Cross Section of Butt-Welded Joint Showing Penetration Into the 
Backing Ring. Pipe Size 7 In. O.D. x 20 Lb. (Grade C) 


there is the objection that such a ring would interfere wit} 
the ready lowering of casing strings of smaller diameter 
for lower depths and would also increase the cost oj 
swabbing operations by excessive wear on the swab. 
These objections are partially overcome for possibly all 
practical purposes by the use of a backing up ring of 
small dimensions and of smooth rounded contour. The 
preferred form of butt joint with backing up ring, as de 
veloped from the experimental welding, is shown in Figs 
11 and 12, the thickness of this ring, as indicated, having 
been developed as the minimum at which penetration 
through the spacing projection to the main body of the 
ring can be secured without excessive danger of burning 
through (Fig. 13). Experience is necessary by a welding 
operator adaptable to this type of work to secure this re 
sult on welds in vertical pipe. The following account 
of the experimental welding of Grade C pipe and test r 
sults obtained will indicate the general satisfactoriness 
of this particular design of butt joint. 

On preliminary experimental welds on Grade C pipe 
the average carbon and manganese contents of 0.40% 
and 0.80%, respectively, indicated that no excessive weld 
hardening occurred and that the welded joints wer 
sufficiently tough and ductile (see Figs. 14 to 16). 


elded Joint on 7 !n. 
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Fig.16—Crushing Test Specimens on = Joint in 7 In. O.D. x 20 Lb. Grade C 
ng 


Longitudinal tension tests, bursting and collapsing 
tests, and impact crushing tests were made on relatively 
long lengths of Grade C pipe circumferentially butt 
welded at their centers with results as follows: 

The longitudinal tests were made on 5 inch O.D. x 13 
lb. pipe (*/, inch thick), 10 specimens being tested, each 
specimen five feet long. The failed specimens are shown 
in Fig. 17, the yield point and tensile rupture loads being 
tabulated in figure caption. The determined yield point 
stress varied from 57,400 Ib. per square inch to 63,300 
lb. per square inch, and the ultimate tensile strength 
from 84,000 to 89,000 Ib. per square inch. Specimen 10 
was pipe material only, the yield point and tensile 
strength of this pipe specimen being 59,300 and 89,000 
lb. per square inch, respectively. Of the nine specimens 


Fig. 17—Full Size Longitudinal Tension Test Specimens on 5 In. O.D. x 13 Lb. Grade C Casing 


with circumferential weld at the center of the specimen 
length, one failed in the pipe removed from the welded 
joint. The remaining welded specimens failed through 
or adjacent to the weld, due to slightly thinner weld sec 
tion or to slight undercutting along the edge of the weld 
These failures in the neighborhood of the weld joints oc 
curred, however, at tensile values within 5000 Ib. per 
square inch of the pipe itself, and the tensile weld joint 
efficiencies are between 95 and 100%. With reasonable 
care in producing welds of full thickness, 100% joint 
efficiencies may be readily obtained on butt type joints 
of this particular form. 

The internal hydrostatic bursting tests were conducted 
on 7 inch O.D. x 20 Ib. (°/2 inch thick), four specimens 
being tested with longitudinal bursting occurring as 
shown in Fig. 18 at the internal pressures indicated. 


Circumferential 


Bursting Stress at Burst- 


Test Pressure, ing Pressure, 
Cylinder Lb./Sq. In Lb./Sq. In 
A 8600 98,500 
B 8500 97,300 
te 9100 104,300 
D 7900 90,500 


The above circumferential or hoop stresses at which 
failures occurred were approximately the equivalent of 
the tensile strength of the pipe material. The locations 
and paths of the longitudinal cracks, as shown in Fig. 1S, 
indicate that original point of failure occurred in the pipe 
material, rather than in the weld joint. Circumferential 
deformation has been appreciable, with the weld joint 
deforming in about the same manner as pipe material. 
Specimen A had been subjected to a local stress-relieving 
treatment, while the three other test cylinders are in the 
as-welded condition. No dpparent benefit has been ob 
tained by the local stress-relieving treatment. 

Collapsing tests were made on five specimens of 7 inch 
O.D. x 20 Ib. (°/32 inch thick) x 12 feet long, with weld 
in center of length (as-welded condition). Collapse oc 
curred under external pressures of 3200 to 3400 Ib. per 
square inch (Fig. 19), the collapsed section being located 
in all cases in the pipe portion of the specimen approxi 


Yield Tensile Yield Tensile Yield Tensile 
Loed Lb. Load Lb. Load Lb Loed Lb Load Lt Load Lb 
1-213,000 309,000 4-207,000 306,000 7-208 000 299,000 
2-208,500 315,000 5-204,500 307,000 8-207,00 313,000 
3-205 500 316,000 6-225, 000 318,000 9-215,000 298,500 
10-2110 316,000 
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Fig. 18—Bursting Test Specimens of Butt-Welded 7 In. O.D. x 20 Lb. Grade C Casing 


Fig. 19—Collapsed Specimens of Butt-Welded 7 In. O.D. x 20 Lb. Grade C Casing. 


(Figures under letters indicate collapsing pressure.) 


mately mid-way between the center of the girth weld and 
one end of the casing pipe. 

Drop impact tests were conducted on the weld joints 
of four specimens of 7 inch O.D. x 20 Ib. (°/32 inch thick) 
with deformation of the welded joint as shown in Fig. 20, 
indicating satisfactory resistance of the weld joints to 
impact loading. 

The performance of the experimental welded joints 
would indicate that Grade C pipe of usual chemistry can 
be satisfactorily welded without special precautions, 
such as preheating; that is, under conditions similar 
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to those encountered in field work in the running of casing 
pipe. The experiments also indicate the satisfactoriness 
of a butt joint utilizing a small backing up strip which js 
integrally fused on the inside of the weld joint. 


SUMMARY 


While the field welding of casing strings has to date 
been limited to a small percentage of the total oil wel 
casings, interest in the welded joint as a substitute for 
the mechanical coupling increases with a probable jn. 
crease in the use of welded strings indicated within the 
next few years. 

Welded joints on casing strings must be made with the 
pipe in a vertical position and with only a limited time 
for making the joint. The first condition requires the 
use of operators adaptable to and experienced in the 
making of sound weld joints in this position. The 
second condition requires the use of a welding process 
with which assembly time and welding time is a minj 
mum. This condition is best met by the use of metal 
arc welding. The steel of the casing must possess ready 
weldability, the use of steels with tendency to excessive 
hardening on welding being impractical for field condi- 
tions. 

The welded joints in the as-welded condition should 
develop tensile joint efficiencies approaching 100% to 
withstand the weight of the pipe; should possess a cir- 
cumferential compression yield equivalent to that of the 
pipe material to prevent collapse failure; and should 
possess reasonable ductility and toughness to withstand 
normal impact loads involved in lowering the casing. 

The four A. P. I. Standard grades of pipe, A to D, have 
increasing yield points and tensile strengths, obtained by 
increasing the carbon and manganese contents. Grades 
A and B are generally considered as possessing ready 
weldability. Experiments outlined in this report indi- 


j 
Fig. 20—Butt-Welded 7 In. O.D. x 20 Lb, Grade C Casing Subjectedto Drop Impact Tes! 
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cate that Grade C of usual composition may be satisfac- 
torily welded. The usual Grade D is an intermediate 
manganese low-alloy steel with relatively high-carbon 
content. The carbon and manganese contents are suf- 
ficiently high to produce marked weld hardening with 
tendency to brittleness at the weld joint. Its applica- 
tion to welded casing strings must be considered as 
hazardous and probably impossible under normal condi- 
tions. 

High yield point casing with yield points greatly in 
excess of the 55,000 Ib. per square inch minimum of 
Grade D requirements is being produced by the use of 
low-alloy steels or by cold working of the pipe (compres- 
sion treatment). Such high-yield casings have greater 
resistance to collapse by external pressure and may be 
advantageously used for deep wells. The high yield 
casing, produced by the cold working treatment, is made 
of steel of normal chemistry and may be generally con- 
sidered as possessing weldability. The production of 
low-alloy casing with approximately 80,000 Ib. per square 
inch yield point in the as-rolled condition would require 
the use of carbon or alloying elements in the steel in 
amounts sufficient to produce great tendency to harden- 


ing, and such casing material would have limited welda 
bility. High-yield casing pipe of weldable low-alloy 
steels can best be produced by heat treatment of the pipe, 
limiting the amount of carbon and other strengthening 
elements to eliminate excessive hardening on welding. 

A butt-type joint with a small internal backing ring, 
integrally fused to the weld has been successfully used in 
the experimental welding of Grade C pipe. Its use is 
suggested for welding casing strings as possessing certain 
advantages not shared by other types of weld joints, such 
as the bell and spigot joint or double bell joint now in use. 
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AUTOMOTIVE MAINTENANCE 


By GEORGE SYKES* 


HUNDREDS OF AUTOMOTIVE PARTS ARE 
SUCCESSFULLY REPAIRED WITH THE 
OXYACETYLENE BLOWPIPE 


HE versatility of the oxyacetylene process is no- 

where better illustrated than in automotive repair. 

Because of the variety of metals found in the mod- 
ern automobile, the process is widely used for the follow- 
ing operations: bronze-welding, steel welding, aluminum 
welding, lead welding, soldering, hard-facing and heat- 
ing 


AUTOMOTIVE REPAIR CHART 


In the tabulated analysis of automotive parts in the 
chart an endeavor has been made to list the essential 
parts, show the metals of which they are usually com- 
posed and indicate the recommended practice for re- 
pairing. 

The first column lists the parts. The names are 
classified under the major divisions and subdivided into 
related groups. The second column shows the usual 
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and Repair 


metal composition of the part. In some cases there is 
more than one and where this affects the welding proce- 
dure the different classifications are numbered. The 
third column points out the recommended welding 
method for repairing the part. 

In the simpler cases, where a single welding method is 
used for one or more metal compositions, an ‘‘x"’ is used 
to indicate both metal composition and welding method. 
Where different metal compositions require different 
welding methods, each composition and the correspond 
ing method are given the same number. 

The letter N indicates that welding is not recom- 
mended. If an N is also placed in one of the columns of 
welding methods, this means that minor areas of the 
part in question can be built-up by the method indicated; 
but such parts should not be welded. If no N appears in 
the welding method columns, the part should neither be 
welded nor built-up. 

In the “Welding Not Recommended” column, certain 
parts mentioned depend upon the heat-treatment that 
they undergo during manufacture to give them particular 
properties. Unless the repair shop is equipped with 
special heat-treating facilities for handling the parts after 
welding, welding should not be attempted, because the 
original quality of the specially treated metal might be 
affected by the heat of the welding flame. 
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ACTIVITIES— Saciely 


A Message from the President 


The membership has voted on the pro- 
posed Amendments to the By-Laws. The 
fundamental objective of these revisions 
has been to make the AMERICAN WELDING 
Socrety a leading technical, engineering 
and professional organization. 

Most of the proposed changes met with 
unanimous approval. In several instances 
there were quite a few negative votes (al- 
though the number in each instance was 
insufficient to veto the amendment). 

Some of the Sections felt that the status 
of the Operating Member should not be 
changed. The present average annual 
cost of maintaining a member in the 
AMERICAN WELDING SOCIETY is over 
twelve dollars. The Society is not strong 
enough financially to continue to make up 
the deficit from an increasing number of 
Operating Members who desire to become 
affiliated with the Society. 

A second item that received a number 
of negative votes related to the returns to 
the Sections. In effect, the proposed 
changes favored the newly formed Sec- 
tions or those having a limited number of 
members and lowered the returns to the 
stronger well established Sections. The 
total saving to the Society was of the order 
of two thousand dollars. Even with the 
new regulations the Society is far more 
liberal in its financial returns to Sections 
than any of the other major scientific and 
engineering organizations. 

Some Sections felt that they should con- 
tinue to be directly represented on the 
Board of Directors. A little addition 
will show the impracticability of main- 
taining this arrangement, which was ex- 
cellent during the early days of growth 
of the AMERICAN WELDING Society. We 
have at the moment 32 Sections, with 
sevéral more in process of organization. 
This sum added to the Divisional Vice- 
Presidents, the Directors-at-Large and the 
elected Officers, brings the total over 50. 
The four Founders Societies, some of 
them with membership four and five 
times our own, have a considerable lesser 
number of members on the Board. Every 
member of the Board must be informed 
of all actions taken by the Executive 
Committee, the Officers; must pass on 
the reports of the technical committees 
and otherwise transact the business of a 
Society. The volume of correspondence 
in mimeographing alone with this un- 
wieldy number on the Board, represents 
a serious drain on the meager sources 
of the Society. Every etfort will be made 
to keep the directorship truly representa- 
tive of all classes, all interests and ju- 
diciously distributed as to geographical 
location. The new arrangements pro- 
vide for 26 members on the Board. 


It is my pleasure to inform the member- 
ship of the AMERICAN WELDING SOCIETY 
that all the proposed changes, having 
met with the approval of the Board of 
Directors and the required number of 
votes from the membership, are now opera- 
tive and effective. A few changes of an 
editorial nature will be taken into con- 
sideration by the Committee on By-Laws. 
If and when, experience indicates further 
adjustments and amendments desirable, 
these will be considered by the Board and 
promptly submitted to the membership 
for vote. 

In closing, I wish to mentidn my very 
wonderful trip to the first Regional Meet- 
ing of the AMERICAN WELDING SOcrETY 
held in Los Angeles, March 21st to 25th, 
in connection with the Western Metal 
Congress and Exposition. The Con- 
ference was well attended, the speakers 
were excellent and the entire Conference a 
success. The Officers of the Sections 
represented were full of enthusiasm and 
intend to capitalize on their successful 
meeting by increasing the membership 
and the usefulness of the Society. They 
deserve a lot of credit fer the way in which 
the Congress was handled. 

At Salt Lake City (Population 150,000) 
I met Mr. A. B. Kemp, Mr. John Lang 
and Mr. F M. Allen. It is difficult to 
realize the vastness of the land in that 
region. 

At Denver a wonderful meeting was 
held. AsI recall it, the Section had about 
20 members before the meeting. Some 
70 or 80 were present at the dinner-meet- 
ing. At the conclusion of this meeting 
they gathered in 10 or more new members. 
I have no doubt the Denver Section will be 
quite active. It is starting with a mem- 
bership composed of engineers and people 
interested in technical activities. 

At Lawrence, Kansas, the site of the 
University of Kansas, there was quite a 
meeting, with an attendance, I should say, 
between 60 and 70. There I gave a talk 
before an enthusiastic gathering. While 
there I met Mr. Swift, who advised me 
that he was for ten years a Director of the 
Society. 

In Kansas City we had a dinner meeting 
which was attended by 80 or 90. During 
the past year this Section has obtained 20 
new members. It is interesting to note 
that the first Chairman of the Kansas 
City Section was connected with a steel 
bridge company interested primarily in 
erection as is also the new Chairman, Mr. 
Hall. 

There are possibilities of Sections being 
organized at Seattle and Portland and my 
personal contacts with groups from these 
districts lead me to believe that active 
useful Sections can be organized in these 
localities. P. G. Lang, Jr., President 
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Western Metal Congress 


Visitors at the Western Metal Expos 
tion, held March 2lst to 25th in Los 
Angeles, totaled 36,394, while approx; 
mately 5000 sat in the technical sessions 
of the Western Metal Congress. 

This was the statement of W. H 
Eisenman, secretary of the American 
Society for Metals. The double event wa, 
declared a decided success throughout 

Showing that industrial men of the 
eleven western states are shouldering their 
way out of the depression and are inspired 
by the motive of the Congress, Mr 
Eisenman says that 1!/, million dollars 
worth of metals and machinery was sold 
from the floor of the exhibition. 

Tremendous interest was shown in new 
developments, as was indicated by the 
thousands who attended the event and 
the big buying power which these indi 
viduals represented. Programs of the 
Congress were greeted with attention at 
every session, and packed houses were the 
rule. 

Attendance mainly was drawn from the 
eleven western states, although approxi- 
mately 500 visitors from the east were 
present, many of them appearing on the 
Congress programs or in the booths of the 
exhibit. 

As a result of the lectures and exhibits, 
thousands of persons obtained renewed 
hope and confidence. Although Congress 
sessions were devoted to welding, petro- 
leum, mining, aeronautical, foundry, ma- 
chinability, mining and general industrial 
subjects, architects, construction engi- 
neers and virtually every other line of 
metal or machine activity gained much 
from the meeting. 

Exhibitors were enthusiastic not only 
for the number of buyers they contacted, 
but for the purchasing power represented 

As to when another Western Metal 
Congress will be held, Mr. Eisenman said 

“Everything depends on business con 
ditions two years from now. The original 
intention was to hold this event every 
other year in a key-city of the Pacific 
coast. 

“It is hoped this schedule now can be 
followed. The two-year plan was 10- 
augurated eight years ago at the Con- 
gress first held in Los Angeles. Six years 
ago, a second Western Metal Congress 
was given in San Francisco. Then, due 
to the depression, the plan temporarily 
was abandoned.” 

Mr. Eisenman, who also has charge of 
the National Metal Congress, said this 
event will be given in Detroit for five days, 
starting October 17th of this year. 

Advance reservations for the exposi- 
tion, he said, are greater than ever. 


oN 
h 
I 
b 
i 
( 
bet 
RY 
ng 
4 
the 
; 
+ 
Nee 
} 


UXPosi 
n Los 
prox: 


V. H 
lerican 
nt was 

of the 
g their 
ispired 
» Mr 
dollars 
iS sold 


in new 
the 
it and 

indi 
f the 
ion at 
the 


ym the 
»proxi- 
were 
on the 
of the 


hibit 5, 
newed 
ngress 
petro- 
y, ma- 
ustrial 

engi- 
ine of 

much 


t only 
facted, 
ented 
Metal 
n said 
con 
riginal 
every 
Pacitic 
can be 
as in- 
Con- 
years 
yngress 
n, due 
orarily 


irge of 
d this 
e days, 


ex px 


Already, the British lron and Steel 
Institute and the Institute of Metals of 
Great Britain have announced they will 
have 400 of their outstanding members in 
attendance. 

The show and Congress will be held in 
Detroit’s convention hall and the Statler 
Hotel, where the double attraction has not 
been seen since 1933. 

A tentative program of the Annual Meet- 
ing of the AMERICAN WELDING SOCIETY is 
given elsewhere in this issue. 


Construction of Eight All-Steel Oil 
Barges Completed 


The growing use of river transportation 
of petroleum products and the standardi- 
zation of government regulations and con- 
sumer requirements effecting the manu- 
facture of all steel oil barges have made it 
practical for one large producer to build 
this type of equipment for stock. 

In an effort to maintain employment 


Completed 8600 Oil Barrel Oil Barge 


All-Welded Steel Oil Barge Under Construction in 
Barge Assembly Shop 


and production schedules during a period 
which, based upon immediate demand, 
gave little promise, Dravo Corporation, 
Pittsburgh, Pa., last September, began 
construction of eight all-welded steel oil 
barges to be placed in stock if necessary. 

Management’s confidence in the market 
for this type of equipment proved well 
founded since six of the eight barges have 
already been placed in service, four by 
the Union Barge Line Corporation and 
two by the Campbell Transportation 
Company, both of Pittsburgh, Pa. 

An additional advantage resulting from 
this step was found in the fact that since 
Production schedules were not under the 
pressure which might be demanded by 
delivery promises, it was possible by ex- 
periment and study to include in the 
design beneficial refinements and improve- 
ments in construction methods. 

For example, all barges, except the two 
now in stock, are equipped with bow tow- 
ing knees. These knees, unusual on oil 
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barges, permit the towing of light and 
loaded barges in the same fleet without 
the danger of over-riding. In addition, 
a 30-inch bilge radius, a 24-foot bow rake, 
and a 21-foot stern rake, are design 
features which tend to decrease towing 
resistance and provide maximum capacity 
at a given draft. Frames are longitudinal 
to prevent side washboarding and consist 
of serrated angle sections, solidly welded 
at all points of metal to metal contact 
As a result, there is no chance of oil or 
gasoline accumulating beneath the frames, 
and the barges may be steamed out 
thoroughly and rapidly. 

The barges measure 195 feet by 35 feet 
by 9 feet 6 inches and have a capacity of 
8600 barrels at a 7 foot 6 inch draft. The 
midbody is divided into 10 oil tight com- 
partments, each fitted with an expansion 
trunk to accommodate expansion or con- 
traction of fluids and also to give access to 
the tanks. The decks are cambered to 
allow for proper drainage 

All barges were inspected and classed 
by the American Bureau of Shipping. 


World's Largest and Fastest 
Continuous Strip Mill 


Republic Steel Corp. formally opened 
its new 98-inch hot and cold strip mills 
in the Cuyahoga Valley at Cleveland, 
Tuesday, March 15th, with a large group 
of newspaper and trade paper editors pres 
ent for the event. The mill is the largest, 
fastest and most modern continuous strip 
mill in the world. 

Ushered through nine large buildings 
comprising the plant by Republic execu- 
tives, the editors witnessed the operation 
of the mills which roll strip steel 94 inches 
wide from slabs which speed through a 
series of electrically controlled roughing 
and finishing mills to the coiler almost a 
quarter of a mile away in as little as 240 
seconds. Steel moves through this mill 
at speeds up to 2121 feet per minute and 
is wound into coils weighing as much as 
12,500 pounds apiece. The plant has a 
capacity for production of a million tons of 
hot and cold rolled sheet and strip per 
year. 


Welding 


Welding is used extensively in machin- 
ery and equipment throughout the plant. 
In a glance from any point in the mill one 
sees welding used everywhere around him. 
Foot brakes, cranes, railings, scrap boxes, 
equalizer hooks, brackets and so on are all 
of welded construction. Main water 
pipes, hydraulic pipe lines and oil piping 
are all welded. 

The steam line which brings steam from 
the power plant at Republic’s blast fur- 
naces on the west bank of the river and 
from the blooming mill boiler house at the 
Corrigan-McKinney plant is said to be the 
largest single electrically welded pipe 
installation in the country. Total length 
of pipe installed is 11,750 feet. It in- 
cludes 2100 feet of 10-inch, 1500 feet of 
12-inch, 6500 feet of 14-inch and 1650 feet 
of 16-inch pipe 

The hydro-pneumatic accumulator in 
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the hydraulic hot mill 
system is an all-welded tank of unusual 
design. It is 25 feet 7 inches high and 5 
feet in diameter inside, and made up of 
three longitudinal plates with a total 
thickness of 4 inches. Plates are perfect 
sheets of steel carefully inspected by X- 
ray, and all welds were X-rayed for pos- 
sible defects. The accumulator has a 
working pressure of 1500 pounds pet 
square inch. Its total weight is 40 tons 
including 2 tons of welding metal. 


scale-removal 


Another unusual welded unit in the 
plant is the 20 ton, 31-foot roll changing 
hook used for changing the huge mill 
stand rolls, some of which weigh 50 tons 
The hook consists of an all-welded post 
and a cast-steel roll sleeve, welded to- 
gether. The post, shaped like an inverted 
“L” and fabricated of low-carbon steel 
plate for the most part 1'/, inches thick, 
has a cross section 30 by 40 inches and a 
total height of 21 feet 4 inches. The 
arm at the top is 16 feet 7 inches long. 
The post was first fabricated in two longi- 
tudinal sections which were then welded 
together at the neutral axis. The cast 
steel roll sleeve is 6 feet 4 inches high and 
weighs 6'/, tons 


Welded Accumulator 


The 350,000-gallon standpipe, 125 feet 
high and 22 feet in diameter, located near 
the pump house, was butt welded in the 
field. It is built up of 16 rings of 93'/,- 
inch plate rolled to shape The plates 
which form the ring sections are approxi 
mately 23 feet long and vary in thickness 
from '/, to °/s inch 

Welding made possible the extra large 
annealing covers used in the annealing 
process, some of which are 10 feet wide, 
8 feet 8 inches high and 24 feet long 
Cast covers used before the development 
of welding, were extra heavy and very 
difficult to handle even in the smaller 
units and consumed excessive heat each 
time they were put into the furnace 

The 12 tanks in the pickling lines, the 
largest of which, containing acid, are 4 
feet 10'/, inches high, 8 feet 10 inches wide 
and 61 feet long, are of welded construc 
tion They are fabricated of standard 
structural steel channels, angles, beams 
and */,-inch plates 
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Grand Coulee Dam's “Bay Windows” 


What are in reality trash racks but 
give the appearance of ‘“‘bay windows”’ 
are now being installed in the frame 
work comprising the face of Grand Coulee 
Dam. (See Fig. 1), 360 of these ‘‘bay 
windows”’ are being installed at the dam in 
accordance with the specifications of the 
United States Department of Interior, 
Bureau of Reclamation. The contract 
for supplying these units was recently 
completed by the Arthur J. O’Leary & 
Sons Company of Chicago, Illinois. 


Fig. 1—Dam's “Bay Windows,” Trash Racks Installed 
in Face of Grand Coulee Dam 


Fig. 2—Fabricating Frame of Trash Rack for Grand 
Coulee Dam by Electric Welding at Arthur J. O'Leary 
& Sons Company, Chicago, IIlinois 


The racks are of all-welded steel con- 
struction as required by the Bureau of 
Reclamation design and _ specifications. 
Requirements were for tolerances of plus 
and minus '/, inch in the overall width and 
length, not more than '/s inch variation 
in overall diagonal length and not more 
than */, inch from a true plane. The 
width of each rack is 11 feet 11'/s inches, 
the length 10 feet '/, inch, and weight 
approximately 4300 pounds each. 
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The racks were designed with 6-inch 
by %/,-inch trash bars at 6-inch centers 
and three 4-inch by °/s-inch bars slotted 
to receive the trash bars. The ends of the 
rack were finished off with two 5-inch by 
3-inch by '/2-inch angles. 

Fabrication of the trash racks by elec- 
tric welding is illustrated in Fig. 2. Spe- 
cial rotating stands were designed to hold 
the racks which were securely fastened in 
the jigs for welding. One hundred 
six !/,-inch fillet welds, 150—*/s-inch fillet 
welds, and 4—"*/,-inch fillet welds were 
required. All welds were 3 inches long. 
Photos, courtesy of The Lincoln Electric 
Company, Cleveland, Ohio. 


Modernization Activities 


The extent of modernization activities 
in New England manufacturing plants 
and the opportunities which exist for 
the further improvement of New England 
plant facilities and equipment are the 
keynotes of a survey which the Engi- 
neering Societies of New England, Inc., in 
cooperation with the Industrial Committee 
of the New England Council, inaugurated 
today among 2500 New England manufac- 
turers. The survéy, in thc form of a series 
of self-analysis questions, will disclose 
the present status of New England manu- 
facturing machinery and provide the basis 
for a long range program of plant moderni- 
zation in this region. 

The inquiry calls the attention of the 
manufacturers to the plant moderniza- 
tion programs now in effect in important 
industries throughout the country and 
raises the question as to New England’s 
progress in meeting this competition. 
‘‘While the age of a machine is not neces- 
sarily the final criterion of its capacity or 
efficiency,’’ the inquiry states, “‘neverthe- 
less older machines are likely to be obso- 
lete, especially in view of the great ad- 
vances in machine design, construction 
and control, which have been effected dur- 
ing the past 10 years.”” The statement is 
signed jointly by Gustavus J. Esselen, 
Chairman of the Committee on Industrial 
Cooperation for the Engineering Societies 
of New England, Inc., and Richard W. 
Sulloway, Chairman of the Industrial Com- 
mittee of the New England Council. 

Embracing various phases of material, 
maintenance, machinery and production 
costs, the inquiry further points out 
methods which manufacturers have used 
to maintain and improve their competitive 
position. It also asks for recent examples 
of modernization activities which have 
increased income. 

The results of the summary will be 
made public, without, of course, disclos- 
ing individual returns. 


Continuous Rail Pamphlet 


“Continuous Rail for Main Line Track”’ 
is the title of a recently published booklet, 
copies of which may be had by writing to 
the Metal & Thermit Corporation, 120 
Broadway, New York, N. Y. 

Profusely illustrated and containing 
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thirty-six pages, this new booklet covers 
thoroughly the elimination of rail joints 
by means of welding. Railroad operating 
and management officials will be particy. 
larly interested in the sections de aling with 
the tremendous potential savings to the 
railroads made possible through the use of 
continuously welded rails a mile or more 
in length, the question of expansion and 
contraction, and the behavior of long rails 
in service. In addition, the booklet de- 
scribes the Thermit process as applied to 
rail welding and the installations to date 
not only in the United States but also jn 
Europe and Australia. 


Brewery Tanks 


A new shipping record was established 
by the ceramic division of the A. 0 
Smith Corporation, Milwaukee, Wiscon- 
sin, when 54 brewery tanks left the yards 
during the five-day week from March 21st 
to 26th. 


The huge single-piece glass-lined tanks 
were all of electric welded steel plate con- 
struction. They were built in 11 different 
sizes to meet specific space and capacity 
requirements of five widely distributed 
breweries. The dimensions run up to 12 
feet in diameter and 38 feet in length and 
the combined capacity of the tanks is 
equivalent to nearly one-half million 10- 
ounce glasses of beer. Forty-five railroad 
cars were thrown into service to carry the 
record shipment. 

A similarly heavy shipping schedule will 
be continued for some weeks because of 
the seasonal rush of brewers to get their 
new equipment in operation for the 
summer, according to E. P. Strothman, 
sales manager of the ceramic division 


Howe Lecture 


Dr. H. W. Gillett, Chief Technical Ad- 
visor, Battelle Memorial Institute, Colum 
bus, Ohio, has been chosen to deliver the 
1939 Howe Memorial Lecture of the 
American Institute of Mining and Meta! 
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lurgical Engineers. The Howe Lecture, 
established in 1923 in memory of Henry 
Marion Howe, Past-President of the 
A.I.M.E., is given each year by someone 
of recognized, outstanding achievement in 
iron and steel metallurgy or metallog- 
raphy. The choice is made by the Board 
of Directors upon recommendation of the 
Iron and Steel Division. 


American Foundrymen's Association 


Charles R. Hook, President and General 
Manager of the American Rolling Mill 
Company, Middletown, Ohio, and Presi- 
dent of the National Association of Manu- 
facturers, will address the annual business 
meeting of the American Foundrymen’s 
Association in the Music Hall of the Cleve- 
land Public Auditorium, Cleveland, Wed- 
nesday morning, May 18th at 11 A.M. 

This address is the first of an annual 
series sponsored by the Board of Awards 
of the American Foundrymen’s Associa- 
tion. It will be of importance to all those 
interested in public affairs, industry and 
business as well as visitors to the 42nd an 
nual convention held in Cleveland that 
week. For this reason the meeting is 
scheduled for the Music Hall, the largest 
meeting room of the Cleveland Public 
Auditorium. 

Other sessions of the convention will be 
scheduled in smaller meeting rooms and 
auditoriums adjacent to the exhibition of 
foundry and allied products in the north 
portion of the Auditorium. 


Battelle Research Associates 
1938-1939 


For the third consecutive year, four ap- 
pointments as Research Associates are 
being made available at Battelle Memorial 
Institute, Columbus, Ohio. These ap- 
pointments are open to graduates of any 
accredited college or university. Prefer- 
ence will be given to men who have 
demonstrated marked aptitude for scien- 
tific research in their industrial experience 
or by graduate study in chemistry, physics, 
metallurgy or ceramics. 

Appointments as Research Associate 
will be for one year’s duration, including 
vacation, and may be extended for a sec- 
ond year. The salary will be $1800 a year 
Research Associates will be expected to de- 
vote their entire time to work on a selected 
research project approved by the Director 
and supervised by members of the techni- 
cal staff. Research projects will be of fun- 
damental or general character leading to 
the publication of information that will be 
useful to science and industry. 

Battelle Memorial Institute was en- 
dowed as a memorial to the Battelle 
family, long prominent in Ohio industry. 
Its purpose is to contribute to industrial 
progress through scientific research. The 
activities of the Institute combine a com- 
prehensive program of research in funda- 
mental science with the applied research 
work which is sponsored by industry. 
The work of the Institute is conducted in 
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nine principal divisions: applied chem 
istry, industrial physics, process metal- 
lurgy, physical metallurgy, ceramics, re- 
fractories, fuels, ore dressing and coal 
preparation. Research Associates are 
members of the Division of Research Edu- 
cation, which is organized to extend the 
work of the Institute in fundamental 
science and at the same time to develop 
highly trained research men for industry 

Application forms and further informa- 
tion may be secured by writing to Clyde 
E. Williams, Director, Battelle Memorial 
Institute, Columbus, Ohio 


Welded Steel Structure Under New 
Building Code 


On Wednesday, March 30th, the Lehigh 
Construction Company started the erec- 
tion of the first all-welded steel frame 
multi-story building to be constructed 


A Close-Up View of a Welder on a 14-Story Apartment 
House 


under the new New York City Building 
Code. This application of welding to the 
structural field is an event of great im 
portance, ranking with the introduction 
of reinforced concrete early in this cen 
tury. Welding processes have revolution- 
ized construction procedures in many in 
dustries, such as, the automotive, ship 
building, machinery and others. The 
strength and reliability of welding have 
been adequately demonstrated 

This present structure, which will be 
known as Kensington House, is being 
erected at Seventh Avenue and Twentieth 
Street in Manhattan. Planned by H. A. 
Hyman, member of the American Society 
of Civil Engineers, it will be a 14-story 
apartment house with all modern ap 
pointments. The original structural de- 
sign for riveted fabrication made by Ball 
and Snyder, engineers, has only been 
changed to provide for welded connections 
Gilbert D. Fish, Consulting Engineer and 
Chairman of the AMERICAN WELDING 
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Welders at Work on a 14-Story Building 


Society's building code committee, re 
designed all connections for welding 

Lehigh Construction Company, a firm 
with previous experience in this work, has 
the contract for the steel erection and weld 
ing. Gulick and Henderson, engineers, 
have been retained to inspect both shop 
and field welding in accordance with the 
Building Code 


Welding Rides the Waves 


Approximately 25 miles of electric 


welding were used in the construction of 
two new ships, the ‘William A. Irvin’’ and 
the ‘Governor Miller,”’ built by the Lorain 
Yard of the American Ship Building Com 
pany for the Pittsburgh Steamship Com 
pany rhese vessels are cach 610 feet 
long, with 60-foot beams Use of the 
welding method allowed the builders to 
make frames and arches in complete sec- 
tions in the shop, thus making possible 
rapid assembly. In addition, welded con 
structioh reduced weight of the various 
parts without sacrifice of strength 
Among the welding equipment and ac- 
cessories used were 15 welding sets, more 
than 14,000 pounds of electrode, and 
10,000 feet of welding cable. The equip 
ment was in continuous operation, 24 
hours a day, for a total of 120 days. 

These two vessels are the first of four 
ships to be built by the American Ship 
Building Company for the Pittsburgh 
Steamship Company 


A New Welded Ship Slides Down the Ways. The 
“Governor Miller” at Her L hing (Courtesy, 1 


Electric Co.) 


Arc-Welded Smokestack for the “William A. Irvin.” 
This Stack Is 37 Feet, Three Inches High 
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SECTION ACTIVITIES 


BOSTON 


At the regular meeting, April 10th, H. 
S. Card, Development Engineer, NEMA., 
Electric Welding Section, gave an illus- 
trated talk under the subject, ‘‘The 
Economic Importance of Design for 
Welded Fabrication,’’ speaking with par- 
ticular reference to the benefits and econo- 
mies obtained in the petroleum industry 
by the use of welding. 

The annual meeting of the Boston Sec- 
tion was held at the conclusion of the 
regular April meeting and the following 
officers were elected: 

Chairman—P. J. Horgan, General Elec- 
tric Company. 

Vice Chairman 
town Arsenal. 

Secretary-Treasurer—P. N. Rugg, Bos- 
ton Edison Company. 

Directors (for 2 years)—C. H. E. Coster, 
Worcester Boys Trade School; L. Gordon, 
Hobart Brothers Company; S. J. Slater, 
Air Reduction Sales Company 

Trustee—A. L. Coombs, Linde Air Prod- 
ucts Company. 

Director of A-W.S.—P. J. Horgan. 

On June 8th, 9th, 10th and 11th, at the 
Boston Garden Exposition Hall, there will 
be a show of Welding Equipment, Ma- 
chine Tool and Metal Working Equip- 
ment, put on by the Austin Hastings Com- 
pany. The majority of the equipment will 
be under power and in operating condition. 
Included in the Welding Section will be 
motor generator sets of various ratings, 
A. C. welding sets of different capacities, 
spot welders, butt welders, seam welders, 
and control equipment, oxyacetylene weld- 
ing and cutting equipment, acetylene 
generators, and accessories. 


W. L. Warner, Water- 


CHICAGO 


The regular monthly meeting of the 
Chicago Section was held on April 15th. 
Mr. E. R. Seabloom, Research Engineer, 
Engineering and Research Division, Crane 
Co., spoke, on “Application of Fusion 
Welding to Pressure Piping.’’ Recent re- 
search activities of Mr. Seabloom have 
covered application of welding to all phases 
of piping, including new developments of 
design in piping, valves and _ fittings. 
Other subjects in his talk included code re- 
quirements, qualification of operators, pro- 
cedure control, shop practice, stress-re- 
lieving and surface hardening of valve 
seats. 


CLEVELAND 


The Cleveland Section held their second 
dinner meeting of the season at the Cleve- 
land Club, Wednesday evening, April 13th. 
Mr. R. L. Collier, Secretary of Steel 
Founders’ Society of America, H. F. 
Tielke, Secretary of Crucible Steel Casting 
Company and Frank J. Stanley, Superin- 
tendent in charge of operations, Crucible 
Steel Casting Company, presented papers 
on the subject, ‘Steel Castings—When, 
Where and Why.” A very interesting 
discussion followed and those present en- 


joyed an instructive as well as pleasant 
evening. 


CONNECTICUT 


Following a predetermined policy, as set 
up by the Executive Committee, to cover 
all processes of welding in the regular 
monthly talks, the Connecticut Section 
was host to Mr. C. W. Obert for his dis- 
cussion of the Metallurgy of Oxyacety- 
lene Welding & Cutting. Of particular 
interest was a moving picture covering 
some of the possibilities of applying hard 
surfacing material by use of the gas proc- 
ess. 

Plans for a series of talks on the welding 
of non-ferrous materials to begin next fall 
are at the present time being formulated. 
Arrangements for this intended program 
will be made through Mr. I. T. Hook of the 
American Brass Co., and Mr. J. J. Vree- 
land of the Chase Brass and Copper Co. 


DETROIT 


At the March meeting of the Detroit 
Section, the speaker was Mr. R. W. 
Brendle, Welding Supervisor, Great Lakes 
Engineering Works, River Rouge, Michi 
gan. He presented very interesting data 
and slides with regard to all-welded steel 
freighters which the Great Lakes Engineer- 
ing Works have completed. 

The next meeting of the Detroit Section 
will be April 22nd, at the Detroit-Leland 
Hotel. Mr. R. T. Gillette, General Elec- 
tric Company, Schenectady, New York, 
will discuss ‘‘Solving Practical Problems 
in Resistance Welding.’’ A large attend- 
ance is anticipated. 


INDIANAPOLIS 


The March meeting of the Indianapolis 
Section was held on the 3lst. An illus- 
trated talk covering practical applications 
of steel castings in connection with welding 
was presented by I. R. Wagner, Vice- 
President & General Manager of the Elec- 
tric Steel Castings Company, on ‘‘Eco- 
nomic Combinations of Welding Steel Cast- 
ings to Rolled Plates and Sections.”’ 


KANSAS CITY 


The annual meeting of the Kansas City 
Section was held April Ist at the Hotel 
Kansas Citian. The banquet was at- 
tended by over 100 members and guests. 

The President, Mr. P. G. Lang, was the 
guest and gave a most interesting talk on 
the progress and aims of the Society. 
Every one thoroughly enjoyed Mr. Lang’s 
talk and members of the Section greatly 
appreciated Mr. Lang’s visit to their city. 

A total of 23 new members joined during 
the month of March, bringing the total 
membership of the Section up to 131. 

The following officers were elected at the 
Annual Meeting: 

Chairman—J. A. Hall, Engineer, Kan- 
sas City Structural Steel Co.- Kansas 
City, Kansas 

Vice-Chairman—A. H.Sluss, Professor of 
2ngineering, Kansas University, Lawrence. 
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Secretary—C. B. Herrick, The Lincoln 
Electric Co., Kansas City, Mo. 

Treasurer—Albert W. Roth, Arc Weld- 
ing Distributor, 1529 Broadway, Kansas 
City, Mo. 

Executive Committee, Consumer’s [j 
vision—R. G. Burge, Supt., Butler Boiler 
Mfg. Co.; J. P. Edwards, Sales Dept, 
Darby Corp.; C. E. Woodman, Purchas. 
ing Agent, K. C. Birdge Co. 

Executive Committee, Supplier’s Diy; 
sion—Harnischfeger Corporation, The 
Linde Air Products Company, Puritan 
Compressed Gas Corp. 

The April meeting of the Kansas City 
Section was scheduled for Monday, April 
25th. The speaker was Mr. W. M. B 
Brady of the General Electric Company, 
whose topic was on ‘“‘Welding of Railroad 
Rails in One Continuous Section.”’ 


LOS ANGELES 


The regular monthly meeting of the Los 
Angeles Section for February was held on 
the 17th at the club rooms of the Centra! 
Manufacturing District. Sixty-six nem 
bers and guests were present at the dinner 
and approximately 100 at the meeting. A 
very interesting talk was given by Dr 
Beno Gutenburg, Professor of Geophysics 
and Meteorology at the California Institute 
of Technology, on the Geophysica! D« 
termination of Oil and Mineral Deposits 

Following this talk, an open forum was 
held and the following subjects discussed 
“Ts it necessary to stress-relieve parts that 
have failed in service before repairs by 
welding?” and “Under what conditions 
may cracks in or adjacent to welds be ex 
pected?” 

The March meeting was also held on th: 
17th of the month at the club rooms of the 
Central Manufacturing District. Ther 
were eighty-cight members and guests at 
the dinner and approximately 125 at the 
session following the dinner. Mr. Virgil 
W. Whitmer, Metallurgist of Republi 
Steel Corporation, gave a very worth while 
talk on Welding of Stainless and High 
Tensile Steels, covering the subject in two 
sections. 

Mr. P. D. McElfish of the Standard Oil 
Company of California has been appointed 
representative of the Los Angeles Section 
on the Board of Directors for the year 
1938. 

The success of the Western Metals Con 
gress described in the various issues of th 
JouRNAL and elsewhere ia the current issu 
is due in no small measure to the untiring 
efforts of the Los Angeles Section and its 
officers. Outstanding speakers, experts in 
their field, presented papers, some of which 
are published in the current issue of the 
JourNAL and others will appear in subs 
quent issues. 

At the Western Metals Exposition in 
terest in welding far surpassed any othe: 
one type of exhibit. All the major Ele« 
tric Welding and Oxyacetylene welding 
equipment manufacturers were 


sented and each booth was manned by om 
or more members of the local Section 
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Program for the Los Angeles Section for 
she vear 1938 has been carefully planned 
and the subject matter arrived at by a poll 
of all the members. The program for 
1938 is as follows: 

April 2ist. ‘‘Flame Hardening’’—The 
‘Linde Air Products Co. “Low Tempera- 
ture Brazing’’—Air Reduction Sales Co. 

May 26th. “Building the 200-Inch 
Telescope,” by Capt. C. S. McDowell, 
U.S. N. (Dinner and meeting at Cali- 
fornia Institute of Technology, Pasa- 
dena. ) 

Tune 16th. Open Forum—informal dis- 

~ cussion of current welding problems by 
members and guests. 

Sept. 15th. ‘Welding Monel Metal and 
Other Nickel Alloys’’—International 
Nickel Company. 

Oct. 20th. ‘“‘Preheating and Stress Re- 
lieving of Pressure Vessels,” by K. V. 
King, Standard Oil Co. of Calif. ‘‘Pre- 
heating and Stress Relieving of Casting, 
Road Equipment and Miscellaneous 
Structures,”’ by Russell M. Love, South- 
west Welding and Manufacturing Co. 

Nov. 17th. “Grain Size and Physical 
Properties of Weld Deposits,”” by Dr. 
Donald S. Clark, California Institute of 
Technology. 

Dec. 15th. Christmas Party. 

Jan. 9th. ‘Repair of Steel Castings by 
Welding.”” ‘‘Underwater Welding and 
Cutting.”” Speakers to be announced 
later 


MARYLAND 


A joint meeting with the American So 
ciety of Mechanical Engineers, Baltimore 
Section, was held at the Engineers’ Club on 
March 18th. The speaker of the evening 
was Mr. C. H. Jennings of the Westing- 
house Electric & Mfg. Co., who spoke on 
‘Welding Design.’”’ Mr. Jennings’ talk 
was illustrated by slides and an informal 
discussion followed. 


MILWAUKEE 


A joint meeting with the American So- 
ciety of Civil Engineers was held at the 
City Club of Milwaukee on April 15th. 
W. M. Wilson, Research Professor of 
Structural Welding at the University of 
Illinois, addressed the meeting on the ‘‘Re- 
cent Developments in Structural Weld- 
ing 


NORTHERN NEW YORK 


The following are the activities of the 
Northern New York Section for the first 
three months of 1938. 

January 6th. Meeting of the Combined 
Engineering Societies, sponsored by the 
AMERICAN WELDING Society. Subject: 
“The Intricacies of Mounting the New 
200-Inch Telescope,’’ by N. L. Mochel, 
Metallurgical Engineer, Westinghouse 
Elec. & Mfg. Co. Attendance 300. 

February 17th. ‘The Incandescent Elec- 
tric Carbon” (Silver Brazing), by Wal- 
ter Reed, General Electric Co. and Leo 
Edelson, Handy & Harman, Atten- 
dance 125. 

March 31st. ‘‘Progress in Resistance 
Welding.” Mr. W. C. Hutchins of the 
General Electric Company outlined 
briefly the fundamentals of resistance 
welding. Mr. R. T. Gillette, General 
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Electric Company, outlined recent de- 
velopments. Mr. A. M. Unger, Weld- 
ing Engineer for the Pullman Company 
presented movies showing the use of re- 
sistance welding in the fabrication of the 
new light weight passenger and freight 
cars. Attendance 110. 


OKLAHOMA CITY 


A series of five lectures, as announced 
in the April issue of the JOURNAL, were 
planned by the Oklahoma City Section 
Three of the lectures have been held and 
the subjects discussed were: ‘“‘Arc Weld- 
ing,’” by J. LaTreyte Lang; “Gas Weld- 
ing,”’ by M. S. Dunne, and “The Effect 
of Welding on Base Metals,”” by O. T 
Barnett. These lectures were very well 
attended and much valuable information 
was given out not only in the lectures but 
also in the open discussions which followed 

The regular monthly meeting for April 
was held Tuesday, April 5th, at the Bilt- 
more Hotel. This was another of the en 
joyable dinner meetings which have been 
held since the Section was organized. Mr 
Lee M. Bush, former City Engineer of 
Oklahoma City, gave a humorous talk 
choosing as his subject, ‘‘The More Abun 
dant Life.”’ 

The address of the evening was given by 
John H. Blankenbuehler, Welding Engi- 
neer of the Westinghouse Electric & Mfg. 
Company, who spoke on the subject 
“Welding Modern Machinery”’ and illus 
trated his talk with a number of slides and 
several reels of motion pictures. The 
address was very interesting throughout, 
one or two of the high spots being a dis 
cussion on competition between steel cast- 
ings and welding construction. 


PHILADELPHIA 


The regular monthly meeting of the 
Philadelphia Section was held on March 
2ist at the Engineers’ Club. Mr. R. F. 
Johnston of the U. S. Steel Corporation, 
presented a very interesting paper on 
“Fabrication and Uses of High Strength 
Alloys.”” There were about 100 present 
and a very lively discussion followed the 
presentation of the paper 

The annual meeting of the Section was 
held on April 18th. Mr. H. W. Lawson, 
of the Bethlehem Steel Company, pre 
sented an outstanding address on ‘Weld 
ing in Modern Building Construction.’ 
Members of the local chapters of the 
A.S.C. E.and A. I. A. were invited to the 
meeting. 

An inspection trip is being planned for 
the May meeting 


PITTSBURGH 


A Tri-State Welding Conference spon 
sored by the Pittsburgh Section and The 
Engineers’ Society of Western Pennsyl- 
vania will take place April 29th, afternoon 
and evening, in the Cardinal Room, 
William Penn Hotel, Pittsburgh. An out- 
standing program of papers dealing with 
the most important phases of modern 
welding practice is planned. The after 
noon speakers will include: ‘‘Welding in 
the Production of Steel,’’ by Robert E 
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Kinkead, Consulting Welding Engineer; 
“Welded Construction in Some Recent 
Industrial Buildings,’’ illustrated with 
motion pictures, by A. S. Low, Vice 
President and Chief Engineer, The Austin 
Company; and motion pictures of ‘‘The 
Flash Welding of Rails’’ and ‘Welding 
Ares,”’ by C. I. MacGuffie, Arc Welding 
Specialist, General Electric Company 
The evening speakers will include: P 
G. Lang, Jr., Engineer of Bridges, Balti- 
more and Ohio Railroad Co., and President 
of the AMERICAN WELDING Society; A. E 
Gibson, President, Wellman Engineering 
Company and Past-President of The 
AMERICAN WELDING Society; “Welding in 
the Construction of Cranes and Power Ex 
cavators,’’ by H. C. Hettelsater, Executive 
Engineer, Harnischfeger Corporation 


SAN FRANCISCO 


The regular monthly meeting was held 
at the Athens Athletic Club in Oakland 
on March 18th. The first portion of the 
meeting was devoted to the subject of 
Flame Hardening. Mr. Harold Bell, of 
the Process Service Department of The 
Linde Air Products Company, read an in 
teresting paper on this subject and in con 
junction with his paper showed slides of 
various flame hardening operations 
Following the paper and slides, a short 
motion picture was shown on the same sub 
ject which was followed by a general dis 
cussion with Mr. Bell answering various 
questions 

Considerable discussion took place as to 
the desirability of the Section offering two 
lecture courses, one, for the benefit of 
welding operators and the other for engi 
neers, designers, draftsmen and inspec 
tors. A small committee was appointed 
to study the matter and outline details 

The April meeting was held on the Sth 
in the P. G. & E. Auditorium, San Fran 
cisco. There were approximately 450 
present. Mr. L. C. Bibber, speaker of the 
evening, put on a most interesting talk on 

The Experimental Background to 
Welded Design.”’” The talk was accom 
panied by lantern slides and a motion pic 
ture was shown 


ST. LOUIS 


The Electric Arc as a Welding Tool’’ 
was the subject of the address presented by 
Mr. K. L. Hansen, Consulting Engineer, 
Harnischfeger Corporation, at the April 
Sth meeting of the St. Louis Section, which 
was held at the Engineers’ Club Auditor 
ium 


SOUTH TEXAS 


The April meeting of the South Texas 
Section was held on April 4th in the Texas 
State Hotel, Houston. An interesting 
talk on ‘‘Characteristics of Electric Genera 
tors,’ by Mr. K. L. Hansen of the Har- 
nischfeger Corporation, was presented 
Another interesting talk on the Weld 
ability of Plain Carbon Steels’’ was given 
by Mr. R. L. Scollard, also of the Har 
nischfeger Corporation 


TULSA 


A meeting of the newly organized Tulsa 
Section was held on April Ist in the Hotel 
Tulsa The following directors were 


47 


Rs 


I 
— 
a3 
(ae 
“ 
may 
I 
OS 
1 on 
‘tral 
em 
Dr 
sics 
ute 3 
va 
De 
Its 
Was 
t d 
h at 
ie . 
by 
‘ta 
ms 
eX 
h 
at 
he 
al ~ 
he 
gil 
lic 
a 
ile 
gh 
vO 
il 
d 
n 
h 
we 
9 
| 
= 
4 
» 
4 


elected: R. L. Looney, Wm. Whenthoff, 
F. J. Thompson, L. R. Hodell, H. C. Price, 
Forrest Hoffman, G. L. Wiley, P. W. 
Patterson, L. M. McKelvey, L. E. Lippin- 
cott, R. A. Leach, Chas. McNamar, E. F. 
Kindsvater, J. B. Davis and A. A. Adcock. 
The following officers were elected: 

Chairman—T. M. Heggie 

Vice-Chairman—E. Hinkefent 

Treasurer—J. Walker 

Secretary—R. R. Thompson 

Mr. R. L. Looney was appointed Chair- 
man of Membership Committee and O. L. 
Rogers as Chairman Program Committee. 


YOUNGSTOWN 


The March meeting of the Youngstown 
Section was held on the 21st at the Ohio- 
Edison Building. Mr. Raymond L. Col- 
lier, Secretary, Steel Founder Societies of 
America, spoke on “Steel Castings, 
Where, How and Why.”’ 

The April meeting on the 18th was ad- 
dressed by Mr.C.H. Jennings, of the West- 
inghouse Electric & Manufacturing Com- 
pany, on “How to Weld 29 Metals,” 
which lecture was illustrated with slides. 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 


A-260. Experienced Arc Welder on 
construction steel, plate or pipe. Gradu- 
ate of Lincoln School. Templet layout 
man and can operate Automatic Welder. 
Can give good references. 

A-261. Arc Welder. 1 year experience 
in repair shop and shipyard. 

A-262. Young man desires position 
Arc Welding. 1 year experience. Re- 
liable. Go anywhere. Would consider 
starting as helper or junior welder. 


POSITIONS VACANT 


United States Civil Service Examina- 
tions. Senior Naval Architect, $4600 a 
year; associate Naval Architect, $3200 
a year; Assistant Naval Architect, $2600 
a year. 1. General. 2. Hull struc- 


tures and arrangements. 3. Scientific 
ship calculations. 4. Ship piping and 
ventilation. 5. Small boats. Applica- 


tions must be on file with the United 
States Civil Service Commission at Wash- 
ington, D. C., not later than the following 
dates—(a) May 16, 1938, if received from 
States other than those named in (b), be- 
low. (b) May 19, 1938, if received from 
the following States: Arizona, California, 
Colorado, Idaho, Montana, Nevada, New 
Mexico, Oregon, Utah, Washington, Wyo- 
ming. 

For further information inquire at any 
Post Office or the United States Civil 
Service Commission, Washington, D. C. 


V-85. Designing engineer and a sales 
engineer and a sales correspondent, by a 
large manufacturer of oxyacetylene equip- 
ment. Splendid opportunity for right men. 
State job for which you are applying, full 
details of experience, education, age and 
present or last salary. All information 
confidential until deal is closed. 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claim in this Section 


Revolving Welding Table 


At last the welder is coming into his 
own as far as having his work made 
easier and permitting him to work at a 
greater convenience and a saving of time. 

The latest is a machine devised in the 
Welding Division of the Ransome Con- 
crete Machinery plant at Dunellen, N. J. 
for their own convenience and economy— 
a revolving welding table. 

It has been found specially advan- 
tageous for welding as done on tanks and 
other circular products. 

As can be seen in the illustration the 
entire device consists of but a few simple 


parts—the entire device weighing about 
990 Ib. 

It enables electrode to be held in one 
position resulting in a uniform and 
smoother weld—permits welder to use 
welding rod down to a shorter waste stub 
—saves its costs in seven to eight months 
of steady work plus a large increase in 
production output. 

For quick positioning the table can be 
instantly disconnected from the driving 
mechanism. 


Electrodes in New Vacuum-Packed 
Can 


Protection Against Atmospheric Conditions 
Keeps Coating Fresh—Prevents Spalling 


An old “bogeyman”’ in the welding in- 
dustry was laid to rest by the Harnisch- 
feger Corporation of Milwaukee, recently 
when their Welding Electrodes took a 
bow in their new vacuum-packed cans— 
ending forever the problem of how to 
keep welding electrodes fresh over an 
indefinite period of time. 

With the installation of the latest type 
packaging machine at the end of the 
electrode production line, the electrodes 
are taken from the drying ovens and im- 
mediately placed in their new containers. 
Tops are hermetically sealed on and the 
contents remain in perfect ‘‘oven-fresh”’ 
condition regardless of the degree of 
moisture present in subsequent storage 
facilities. 


THE WELDING JOURNAL 


“Multi-Range” Arc Welders 


“1000 Available Combinations of Volt- 
age and Welding Current”’ is the keynote 
of announcements of a new line of “Multi- 
Range” Arc Welders by The Hobart 
Brothers Company, Troy, Ohio. 

It is pointed out that the new models 
embody the same proved principles of 
control as previous models but that the 
wide welding range of each machine is now 
divided into ten ranges with a 100-step, con 
tinuously wound rheostat (Volt-Amp. Ad 
juster) operating in each range. 

The result is said to be a complete 
absence of ‘‘dead spots,’”’ closer control 
of the relationship between open circuit 
voltage and welding current 
ness of operation. 


and smooth- 


Electric Hose 


Electric Hose & Rubber Co., Wilming- 
ton, Delaware, originators and makers of 
the famous Supero-Siameez Hose, now 
announce Electric-Siameez Hose—a new 
grade using this famous Siameez co: 
struction. 


Electric-Siameez offers exceptional flexi 
bility, plus the strength of two layers of 
tightly-braided reinforcement. Recom 
mended for long and satisfactory service 
in all welding and cutting operations using 
working pressures up to 200 Ib. 

The cover of the new hose is thick and 
tough, to withstand dragging over cast- 
ings, concrete floors, etc. 

Spray Gun 

Welders and metal finishers are discov- 
ering new and important uses for protectiv’ 
coatings of pure metal. The development 
of the Stevens Metal Spray Gun definitely 
makes the application of metal coatings 
more economical and more efficient. 

Manufactured by the Stevens Metal 
Spraying, Inc., 83 Shipley Street, San 
Francisco, this new gun is synchronized so 
that the feed is automatic. One of the 


features is the two-speed gear shift which 
makes possible the use of both hard and 
soft metals without complicated adjust 
ments. 
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List of New Members 


ATLANTA 


Murphy, C. R. (C), General Electric Co., 
187 Spring St., N.W., Atlanta, Ga 

Rawls, Otis (C), Rawls Garage & Welding 
Co., Dublin, Ga. 


BOSTON 
Rowsey, Chas. A. (D), 57 Grove St., Bel- 


mont, Mass. 

Swanson, Russell (D), 121 Rangeway 
Rd., North Billerica, Mass. 

Tapp, George F. (D), 16 Netherlands 
Road, Brookline, Mass. 


CHATTANOOGA 


Williams, Thos. R. (C), Compressed 
Industrial Gases, 1410 Cowart St., 
Chattanooga, Tenn. 


CHICAGO 


Pufhal, Hans R. (C), Hotel St. Regis 
(Temporary address), Cork St., London, 
W. 1, England. 


CINCINNATI 


Johns, Sylvester (D), Mt. Washington, 
Cincinnati, Ohio. 

Mayberry, Walter R. (B), The Common- 
wealth Mfg. Corp., 4208 Davis Lane, 
Cincinnati, Ohio. 

Mead, Roy (D), 1236 Long St., Hamilton, 
Ohio 

Paul, Dean (C), 1736 Hewitt Ave., Cin- 
cinnati, Ohio. 

Schellhammer, Lawrence W. (C), 5026 
Oberlin Blvd., Cincinnati, Ohio. 

Telford, Geo. W. (D), 6782 Ester Lane, 
Madeiro, Ohio. 


CLEVELAND 


Brooke, Thomas V. (D), 2701 Chesterton 
Road, Shaker Heights, Ohio. 

Gilchrist, A. C. (B), 3617 Denison Ave., 
Cleveland, Ohio. 

Kyler, Donald (D), 1660!/, Waterloo 
Road, Cleveland, Ohio. 

Mattingley, John (D), 417 East Ave., 
Elyria, Ohio. 

Payne, Spencer (D), 18203 Cornwall 
Road, Cleveland, Ohio. 

Schaub, C. M. (B), 2187 Cummington 
Road, Cleveland, Qhio. 

Schreeck, K. W. (C), 1740 Page Ave., 
Cleveland, Ohio. 

Skuhrovec, J. (C), 12909 Farringdon 
Ave., Cleveland, Ohio. 

Smith, Elton E. (C), 344 Dalwood Dr., 
Cleveland, Ohio. 

Stitt, J. R. (D), 14821 Terrace Rd., Cleve- 
land, Ohio. 

Williams, C. E. (C), 15776 Euclid Ave 
Cleveland, Ohio. 

Williams, Tom (B), The McNeil Mach. & 
Engrg. Co., 90 E. Crosier St., Akron, 
Ohio 


COLUMBUS 
Baker, Chas. O. (D), Ohio Power Co, 
Philo, Ohio. 
Black, Norman (C), 68'/, No. 5th St., 
Columbus, Ohio. 
Caldwell, Francis S. (B), 403 E. Maynard 
Ave., Columbus, Ohio. 


March 1 to March 31, 1938 


Calhoun, Allen T. (D), The Ohio Power 
Co., Duncan Falls, Ohio. 

Farris, W. A. (D), The Ohio Power Co., 
Duncan Falls, Ohio. 

Hartley, Carl P. (D), Ohio Power Co., 
Philo, Ohio 

Herren, George S. (B), The Seagrave 
Corp., Columbus, Ohio 

Purdy, John L. (C), 1333 West First Ave., 
Columbus, Ohio. 

Richter, J. Louis (C), Central Ohio 
Welding Co., Spring & Neilston Sts., 
Columbus, Ohio 

Rickly, O. D. (B), 2710 Joyce Ave, 
Columbus, Ohio 

Stevens, F. E. (C), 206 N. Harris Ave. 
Columbus, Ohio 

Storts, P. O. (D), Hemlock, Ohio 

Willis, George H. (C), 206 Otentangy St., 
Columbus, Ohio. 


CONNECTICUT 


Churchward, Jack (A), Churchward Engi 
neering Co. Inc., New Haven, Conn 
Dampman, Robert J. (C), 118 Central 
Ave., East Hartford, Conn 

Munn, W. M. (B), 641 Whitney Ave., 
New Haven, Conn 

Studzinski, R. S. (C), 32 Somerset St., 
Elmwood, Conn. 


DETROIT 


Maire, Stephen J. (C), The Linde Ax 
Products Co., 6-240 General Motors 
Bldg., Detroit, Mich 

Peters, Lewis J. (D), 2413 Ferry Park, 
Detroit, Mich. 


HAWAII 


Colbert, James E. (C), 234 F Lewers’ 
Road, Honolulu, T. H. 


INDIANAPOLIS 


Brant, Robert P. (B), Indiana Oxygen 
Co., 435 Delaware St., Indianapolis, 
Ind. 

Fulkerson, E. V. (B), Acetylene Products 
Co., P. O. Box 552, Indianapolis, Ind 


KANSAS CITY 


Anderson, H. B. (C), Mo. State Highway 
Dept., Jefferson City, Mo 

Anderson, Wm. M. (C), Columbian Steel 
Tank Co., 1509 W. 12th St., Kansas 
City, Mo 

Beatty, R. C. (C), Columbian Steel Tank 
Co., 1509 W. 12th St., Kansas City, Mo 

Bollman, M. O. (ID), Air Reduction Sales 
Co., B. M. A. Building, Kansas City, 
Mo 

Bower, Cecil L. (C), Missouri State High 
way Dept., Jefferson City, Mo 

Carlson, W. W. (C), 1722 Laramie St., 
Manhattan, Kansas 

Coble, Max W. (C), Colgate-Palmolive 
Peet Co., Packers Station, Kansas 
City, Kansas. 

Davis, Howard P. (I), 1115 Kearney, 
Manhattan, Kansas 

Gasper, Louis W. (C), Columbian Steel 
Tank Co., 1509 W. 12th St., Kansas 
City, Mo 
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Jones, Howard (D), Colgate-Palmolive 
Peet Co, Packers Station, Kansas 
City, Kansas 

Lynch, D. E. (C), 1519 Pierre, Manhattan, 
Kansas. 

McCollum, S. A. (F), 1509 Pierre, Man 
hattan, Kansas 

Moore, L. A. (IF), 526 Moss St., Manhat 
tan, Kansas 

Schmidt, Karl W. (B), Builders Steel Co 
12th & Gentry, No. Kansas City, Mo 

Tarbell, James H. (B), Kansas City 
Power & Light Co., 1330 Baltimore, 
Kansas City, Mo 

White, S. J. (C), State Highway Dept., 
Jefferson City, Mo 

Zebley, Arthur (C), R. R. 3, Lee’s Sum 
mit, Mo 


LOS ANGELES 


Bewley, A. A. (C), Standard Oil Co. of 
Calif., 605 W. Olympic Blvd., Rm. 337, 
Los Angeles, Calif 

Brown, Robley Case (C), P. O. Box 22, 
Pomona, Calif 

Hoine, A. P. (PD), 4435 Arizona St., San 
Diego, Calif 

Noll, Paul E. (B), “% Cons. Steel Corp., 
Box 1348, Arcade Sta., Los Angeles, 
Calif 


MARYLAND 


Clark, L. J. (D), 6538 Parnell Ave., Dun 
dalk, Md 

Harris, James C., Jr. (B), Consolidated 
Gas Elec. Lt. & Pwr. Co., 408 Lexington 
Bldg., Baltimore, Md 

Hudnall, John W. (1D), First Ave., Fern 
dale, Md 

Jensen, Holger (A), Maryland Casualty 
Co., Baltimore, Md 

Owings, Wm. L., Jr. (C), 2304 E. Worth 
Ave., Baltimore City, Md 


MILWAUKEE 


Allen, Franklin T. (D), 644 Park Ave., 
Beloit, Wis 

Zembruski, Harry A. (D), 4054 So 
Howell Ave., Milwaukee, Wis 


MONTANA 


Adams, A. K. (B), 2124 Argyle St., Butte, 
Mont 


NEW YORK 


Hughes, Thomas C. (C), Travelers Ins 
Co., 60 Park Place, Newark, N. J 

Loeser, John C. (B), Gebauhr & Loeser, 
66 Beaver St., New York, N. Y 

Moir, Stewart G. H. (B), Bayonne Tech 
H. S., 30th St Ave. A, Bayonne, N. J 

Murray, John J. (C), Consolidated Rep 
Co., 1133 Broadway, New York, N. Y 

Schick, Joseph (B), National Lead Co., 
505 Woodhaven Blvd., Avon, N. J 

Stanfield, R. S. (B), Tide Water Assoc 


Oil Co., East 22nd St., Bayonne, N. J 


NORTHERN NEW YORK 


Stiglmeier, Albert F. (B), 29 Parkwood 
St., Albany, N. Y 
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NORTHWEST 


Grohs, Wm. H. (B), 1378 Blair St., St. 
Paul, Minn. 

Lucas, Norman (D), 555 Case St., St 
Paul, Minn. 

Zierman, A. H. (D), 728 Case St., St 
Paul, Minn. 


OKLAHOMA CITY 


Blake, J. W. (D), Oklahoma Gas & Elec 
Co., 3rd & Harvey, Oklahoma City, 
Okla 

Brewer, W. D. (C), 5125 Belle Isle Ave, 
Oklahoma City, Okla. 

Conley, George D. (D), 1521 W. 41st St., 
Oklahoma City, Okla. 

Craven, Kenneth Cecil (F), 316 W. Third, 
Stillwater, Okla. 

Ferril, Paul (F), 701 West St., Stillwater, 
Okla. 

Haskins, Edgar (F), 716 Knoblock, Siill- 
water, Okla. 

Haskins, Roy (F), 716 Knoblock, Still- 
water, Okla. 

Lashbrook, C. A. (C), 1145 N. W. 2nd 
St., Oklahoma City, Okla. 

McMillan, James D. (D), Harrah, Okla- 
homa. 

Minter, H. E. (D), Harrah, Oklahoma 
Newton, W. L. (C), State of Oklahoma, 
Capitol Bldg., Oklahoma City, Okla 
Noret, C. C. (C), Compressed Industrial 
Gases, 2131 E. 10th St., Oklahoma 

City, Okla. 

Taylor, Harry J. (F), 602 West St., Still- 
water, Okla. 

Wiens, Robert (F), 303 Monroe, Still- 
water, Okla. 

Yeager, Sam (F), 716 Knoblock, Still- 
water, Okla. 


PHILADELPHIA 
Jones, R. P. (D), Box 113, W. Trenton, 
3. 


PITTSBURGH 


Foss, F. F. (A), Wheeling Steel Corp., 
Wheeling, W. Va. 


ROCHESTER 


Auld, Samuel (C), P. O. Box 744, Roches- 
ter, N. Y. 

Boorman, Thos. (D), Foster Wheeler Co., 
Dansville, N. Y. 

English, H. W. (D), 195 Bakerdale Road, 
Rochester, N. Y. 

Fredene, P. J. (B), P. O. Box 993, Roches- 
ter, N. Y. 

Meisch, Jack (D), 97 Shippler St., Roches- 

=. 
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ST. LOUIS 


Hurst, W. I. (C), American Thermometer 
Co., 2917 Clark Ave., St. Louis, Mo. 


SAN FRANCISCO 


Chesnutt, Wilbert A. (F), 1239 Park Ave., 
Alameda, Calif. 

Cook, Frederick S. (B), Robt. W. Hunt 
Co., 251 Kearny St., San Francisco, 
Calif. 

Johnson, Herman K. (F), 111 Taylor St., 
San Francisco, Calif. 

Kernan, Bert E. (F), 50 Euclid Ave., San 
Leandro, Calif. 

Page, F. A. (B), Industrial Accident Com- 
mission, State Bldg., Room 157, San 
Francisco, Calif. 

Sargent, Harold F. (D), 33 Beideman St., 
San Francisco, Calif. 

Swanson, Ralph (F), Hollister, California 


SAN JOAQUIN VALLEY 
Bailey, J. H. (D), Box 201, Orvin, Calif. 
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Blubaugh, Earl F. (C), 130 Center St., 
Taft, Calif. 

Bridges, J. M. (C), % Elks Club, Bakers- 
field, Calif. 

Coltrin, A. E. (D), Gen. Petroleum Co., 
Taft, Calif. 

Eagar, O. W. (D), 503 Taylor St., Taft, 
Calif. 

Eaves, J. M. (D), Union Oil Co., Taft, 
Calif. 

Gill, Bill L. (D), Shaffer Tool Wks., Taft, 
Calif. 

Hammett, H. R. (B), P. O. Box 1706, 
Bakersfield, Calif 

Harrison, E. F. (D), 218 Olive Ave., Taft, 
Calif. 

Hayes, George, Jr. (C), Box H, Fellows, 
Calif. 

Jasper, Wm. J. (D), Standard Oil Co. of 
Calif., Box 1500, Bakersfield, 
Calif. 

Meyer, Arthur (D), Route 2, 
Bakersfield, Calif. 

Nichols, Stuart (F), 70 Bellridge Oil Co., 
McKittrick, Calif. 

Riley, James W. (D), 504—4th St., Taft, 
Calif. 

Rintoul, B. (C), Bin M.M., Taft, Calif 

Rutherford, Dick (C), 1312 Eye St., 
Bakersfield, Calif. 

Scherer, A. W. (D), 918 Qtfincy St., 
Bakersfield, Calif. 

Thomas, Ben J. (D), Southern Calif. Gas 
Co., Box T, Taft, Calif 

Vandam, I. K. (C), 2730 Sunset, Bakers- 
field, Calif. 


Box 68, 


SOUTH TEXAS 


Stevens, Fred (D), Big Three Welding & 
Equip. Co., M & M Building, Houston, 
Texas. 

Suhr, D. A. (D), Reed Roller Bit Co., 
Galena Park, Texas. 


TULSA 


Adcock, A. A. (B), Vulcan Steel Tank 
Corp., Box No. 1844, Tulsa, Okla. 

Coates, A. G. (C), Box 2676, Tulsa, Okla. 

Davis, James B. (B), Tulsa Testing 
Laboratory, Box No. 2654, Tulsa, Okla 

Denison, F. E. (D), R-6—Box 71, Tulsa, 
Okla. 

Ellis, J. J. (C), 1218 South Zunis, Tulsa, 
Okla. 

Gassaway, H. Frank (D), General De- 
livery, Billings, Okla. 

Glasgow, Clarence (B), National Tank 
Co., Box 1588, Tulsa, Okla. 

Heggie, T. M. (B), Tulsa Boiler & Mach. 
Corp., 2120 S. Union, Tulsa, Okla. 

Hinkefent, Emil C. (B), Allied Steel 
Prod. Corp., Box 1020, Tulsa, Okla. 

Hodell, Louis R. (B), Carter Oil Co., 
Natl. Bank of Tulsa Bldg., Tulsa, Okla 

Hoffman, Forrest A. (B), Tulsa Boiler & 
Mach. Corp., 2020 South Union, Tulsa, 
Okla. 

Laidley, C. D. (B), National Tank Co., 
Box 1588, Tulsa, Okla. 

Leeper, A. W. (D), Box 577, Sand Springs, 
Okla. 

Lippincott, L. E. (B), Compressed Indust. 
Gases, Inc., 311 E. 3rd St., Tulsa, Okla. 

Looney, R. L. (B), Big Three Welding & 
Equip. Co., 102 S. Cheyenne, Tulsa, 
Okla. 

McKelvey, J. F. (B), Vulcan Steel Tank 
Corp., Box No. 1844, Tulsa, Okla. 

McKelvey, L. N. (D), Vulcan Steel Tank 
Corp., Box No. 1844, Tulsa, Okla. 

McNamar, Chas. C. (B), P. O. Box 882, 
Tulsa, Okla. 

Parrish, Robert E. (D), 2928 N. Hartford, 
Tulsa, Okla. 

Patterson, P. W. (B), Box No. 2620, 
Tulsa, Okla. 
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Rebman, C. G. (D), Box No. 38] 
Okla. 

Rogers, oO. L. (B), Big Three Welding & 
Equip. Co., 102 S. Cheyenne, Tyjsq 
Okla. 

Rosevear, H. M. (C), 906 Tulsa Loan 
Bldg., Tulsa, Okla. 

Sage, Wm. (D), 3212 W. 37th, Tulsa 
Okla 

Shinkle, J. B. (B), National Tank Cy 
Box 1588, Tulsa, Okla. , 

Spence, S. L. (C), Tulsa Boiler & Mach 
Corp., 2120 S. Union, Tulsa, Okla 

Thompson, F. J. (B), National Tank Cy 
Box 1588, Tulsa, Okla. 

Thompson, R. R. (B), Air Reduction Sales 
Co., 10 N. Cheyenne, Tulsa, Okla 

Wells, C. G. (B), National Tank Cy, 
Box 1588, Tulsa, Okla. 

Wenthoff, W. B. (B), Vinson Supply Co. 
220 N. Boston, Tulsa, Okla 

Wilson, Ross (B), Big Three Welding & 
Equip. Co., 102 S. Cheyenne, Tulsa, 
Okla. 


Tulsa, 


WICHITA 


Arington, L. G. (D), 1225 Stilwell, wi 
chita, Kans. 

Ball, Harry W. (D), 207 Shadduck Drive 
Hutchinson, Kansas. 

Deeble, Grant C. (D), List & Clark Cons: 
Co., Augusta, Kans. 

Dickens, W. N. (C), 1453 South Hy 
draulic, Wichita, Kans. 

Downs, Edward (C), 710 E. Ist St., Wi- 
chita, Kansas. 

Dunham, 3. H. (C), 431 North Dodge, 
Wichita, Kansas. 

Ford, James R. (D), 1343 Woodrow, 
Wichita, Kans. 

Hamby, P. W. (D), 500 Osage, Augusta 
Kans. 

Helvey, O. C. (C), 1528 N. Topeka Ave , 
Wichita, Kans. 

Kerbs, L. A. (D), Box 11, Otis, Kansas 

Kirk, L. E. (C), 835 S. Madison, Wichita, 
Kans. 

McClung, A. F. (D), Winfield, Kansas 

Minard, H. H. (B), 3711 N. E. Parkway, 
Wichita, Kans. 

Whittington, L. J. (D), 356 N. Rock 
Island, Wichita, Kansas. 

Woerner, I. A. (D), Woerner’s Welding 
Works, Wakeeney, Kansas. 


NOT IN SECTIONS 
Barrois, Nelson P. (D), Myrtle Grove, 


Louisiana. 

Bonneval, R. L. (D), Happy Jack, Louisi- 
ana. 

Brandt, H. L. (D), Diamond, Louisiana 

Champlin, Geo. De Long (C), Lago 
Petroleum Corp., Apartado 172, Mara 
caibo, Venezuela, S. A. 
Clark, Henry Wilmot (B); 133 Harrodene 
Rd., Wembley, Middlesex, England 
Clifton, George E. (D), Register No 
11171, Fort Madison, Iowa. 

Cooper, John (B), Ccopers Garage, 5a 
lunga, Pa. 

Corne, E. J. (C), Freeport Sulphur Co 
Port Sulphur, La. 

Ferree, E. B. (C), P. O. Box 22, Port 
Sulphur, La. 

Jankov, Paul V. (C), % Det Norske Ver 
tas, Radhusgaten 25, Oslo, Norway 

Ledet, E. J. (C), Freeport Sulphur Co., 
Port Sulphur, La. 

Starling, O. (B), Florida Welding Works, 
3001 Evergreen Ave., Jacksonville, Fla. 

Sullins, C. V. (C), % Standard Oil Co. o! 
Venezuela, Caripito, Venezuela. 

Van Ouwerkerk, L. (C), The Rontgen 
Tech. Service, 217 Ryksweg, Overschic 
The Netherlands. 
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TENTATIVE 


PROGRAM 


ANNUAL MEETING 
AMERICAN WELDING SOCIETY 


DETROIT, MICH., OCTOBER 16 TO 21, 1938 


Sunday, October 16th 


Afternoon 
President’s Reception. 


P.M. 


Monday, October 17th 


Morning 


9:30 A. M. 


Address of Welcome, by Richard W. Reading, Mayor of City of Detroit. 


Presentation of Medals. 
Technical Session. 


P. G. Lang, Jr., Chairman, The Baltimore and Ohio Railroad. 
C. A. McCune, Vice-Chairman, Magnaflux Corporation. 


Welding in Construction Work. 


The Oxyacetylene Welding of Carbon Molybdenum Steel Pipe, by A. N. Kugler, 
Applied Engineering Dept., Air Reduction Sales Company. 

Application of Union Melt Process, by R. M. Wallace, Griscom Russell Company. 

Welding Structures, by A. S. Low, Vice-President, The Austin Company 


Afternoon 


2:00 P. M. 


TWO SIMULTANEOUS TECHNICAL SESSIONS 


K. L. Hansen, Chairman, Harnischfeger Corporation. 

F. E. Rogers, Vice-Chairman, Air Reduction Sales 
Company. 

Production Welding Small Machine Parts. 

Welding, Cutting and Machine Design of Small Sub- 
Assemblies. Author to be announced. 

Welding as Applied to Fabrication of Industrial Stokers, 
by F. R. Mason, Riley Stoker Corp. 

Methods for the Manufacture of Precision Assemblies by 
Resistance Welding, by F. D. Rogers, International 
Business Machines Corp. 

Use of Welding in Construction of Jigs and Fixtures, 
by M.S. Evans, American Car & Foundry Company. 


Col. G. F. Jenks, Chairman, Ord. Dept., U. S. Army. 

E. Vom Steeg, Jr., Vice-Chairman, General Electric 
Company. 

Industrial Research Session. 

Physical and Chemical Properties of the Nickel-Iron 
Alloys Formed in the Welding of Nickel Clad Steel, 
by W. G. Theisinger, J. H. Deppeler and F. G. Flocke. 

Welding Medium Carbon Steels, by N. L. Mochel, 
Westinghouse Elec. & Mfg. Co. 

The Effect of Current, Pressure and Time on the Shear 
Strength and Structure of Spot Welds in the Alumi 
num Alloys, by G. O. Hoglund and G. S. Bernard, 
Jr., Aluminum Company of America. 

An Investigation of Arc and Gas Welded Joints in 
Aluminum and Aluminum Alloys, by Lieutenant 
Commander R. K. Wells (CC) U.S.N. and A. G. Bissell, 
Bureau of Construction and Repair, Navy Dept. 


Tuesday, October 18th 


Morning 


9:30 A. M. 


TWO SIMULTANEOUS TECHNICAL SESSIONS 


E. A. Balsley, Chairman, Link Belt Company. 

C. E. Phillips, Vice-Chairman, C. E. Phillips & Com- 
pany. 

Welding and Cutting Processes. 

Flame Cutting, by J. J. Crowe, Air Reduction Sales 
Company. 

Bi Metal Construction of High Temperature Steel 
Valves. Author to be announced. 

Weld Penetration, by John Hruska, Chief Metallurgist, 
Electro-Motive Corp. 


Bronze-Welding, by W. S. Walker, The Linde Air 
Products Company. 


A. B. Kinzel, Chairman, Union Carbide and Carbon 
Research Laboratories. 

Milton Male, Vice-Chairman, U. S. Steel Corporation 
of Delaware. 


Fundamental Research Session. 

Fatigue of Welded Connections, by S. C. Hollister, 
Cornell University. 

Effect of Rigid Beam-Column Connections on Column 
Stresses, by Inge Lyse and E. H. Mount, Lehigh 
University. 

Residual Stresses Due to Circumferential Welds in 
Pipes, by E. L. Eriksen, University of Michigan. 

Some Electrical Characteristics of Arc, by Dr. C. G. Suits, 
Research Laboratory, General Electric Company. 
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A fternoon- 


-2:00 P. M. 


TWO SIMULTANEOUS TECHNICAL SESSIONS 


C. W. Obert, Vice-Chairman, Union Carbide Company. 


Joint Session with American Society of Mechanical En- 
gineers. 

Pressure Vessels, by G. W. Plinke, Henry Vogt Machine 
Company. 

Welding of Ammonia Containers. 
nounced. 

Brazing Tubes in High-Pressure Boilers with Silver Alloys, 
by A. W. Weir, New York Central Railroad and H. M. 
Webber, General Electric Co. 

Welding Bronze and Non-Ferrous Alloy Piping, by 
representative Carbide and Carbon Chemicals Corp. 


Author to be an- 


Evening 


J. J. Crowe, Chairman, Air Reduction Sales Com 
E. R. Benedict, 


ir ] pany, 
Vice-Chairman, Contract Welders 


Inc. 
Fundamental Research Session. - 
Weld Quench Test for Weldability of Steels, by W. 4 = 
Bruckner, University of Illinois. ar 
Metallurgical Aspects of Resistance Welding Electrodes. ta 
by Dr. R. H. Harrington, Research Laboratory. iin 
General Electric Company. gi 
Creep Test of Arc Welded Low Carbon Steel, by N. F A 


Ward, University of California. 


Fundamental Research Conference. 


Wednesday, October 19th B 


Morning 


9:30 A. M. 


TWO SIMULTANEOUS TECHNICAL SESSIONS 


Everett Chapman, Chairman, Lukenweld, Inc. 
W. W. Petry, Vice-Chairman, The Cincinnati Milling 
Machine Company. 


Welding in Machine Design. 


Welding in Machine Design, by L. Nenninger, Chief 
Engineer and W. Maddox, Weld Shop Supervisor, 
The Cincinnati Milling Machine Company. 

Machine Flame Cutting with Small Machines, by Otto 
Voss, Allis Chalmers Mfg. Co. 

Welding and Cutting in Machinery Construction, by 
J. Gordon, General Manager, Taylor Winfield Corp. 


H. C. Jennison, Chairman, American Brass Company 


W. M. Hayes, Vice-Chairman, Air Reduction Sales Cy , 
Industrial Research Session.—Symposium on Copper 
Alloy Weiding. 
Copper Welding, by Ira T. Hook, American Brass Com- ( 
pany. 
Resistance Welding Copper and Its Alloys, by D. K. 
Crampton, Chase Brass and Copper Co. 


Copper Alloy Welding, by E. W. P. Smith, The Lincoln 
Electric Company. 

Carbon Are Welding of Silicon Bronze, by E. S. Bunn 
and J. R. Hunter, Revere Copper and Brass, Inc. 
Spot and Seam Welding of Silicon Brass, by C. W. 

Steward, Westinghouse Electric & Mfg. Co. 


A fternoon—Exhibits. 
Thursday, October 20th 
Morning—9:30 A. M. 


Walter Anderson, Chairman, Taylor Winfield Corpora- 
tion. 

C. L. Eksergian, Vice-Chairman, Budd Wheel Company. 

Automotive Session. 

Flame Hardening with the Oxy-Acetylene Flame, by 


H. J. Shepperd, Chief Metallurgist, Kelsey Hayes 
Wheel Company. 

Body Welding. Author to be announced. 

Welding of Rear Axle Housings, by E. L. Bailey and 
V. Knecht, Chrysler Corporation. 


Afternoon—2:00 P. M. 


Vaughan Reid, Chairman, City Pattern Works. 

A. S. Douglass, Vice-Chairman, The Detroit Edison 
Company. 

Automotive Session. 


Resistance Welding in the Automotive Industry, by 
A. DiGiulio, Ford Motor Company. 


Automatic Carbon Arc Welding in the Automotive 
Industry, by F. M. Maichle, The Lincoln Electric 
Company. 

Use of Welding in Reconditioning Used Cars, by T. W. 
Moss, Chrysler Motors Service. 


Evening—Dinner. 


Harvey Campbell, Toastmaster, Detroit Board of Com- 
merce. 


Principal Speaker—W. J. Cameron, Ford Motor Com 
pany. 


Friday, October 21st 
Morning—Technical Session.—9:30 A. M. 


H. C. Boardman, (Chairman, Chicago Bridge & Iron H. M. Priest, Vice-Chairman, Railroad Research 
Company. Bureau. 
Trans portation 


Welding in Car Construction, by A. M. Unger, Pullman- 
Standard Car Mfg. Co. 

Flash Welding of Rails, by H. C. Drake, Sperry Prod- 
ucts, Inc. 

All Welded Steel Power Boats, by Milo Bailey, Bailey 
Steel Shipbuilding Co. 

Erection Sequence and Welding Procedure ot All-Welded 
Lake Freighters, by Russell Brendle, Great Lakes 
Engineering Co. 


Welding Coast Guard Vessels. Author to be announced. 


Business Meeting.—Election of Officers; 
Report; Board Luncheon 


President s 


Afternoon—Exhibits and Inspection Trips. 
Optional trips will be arranged to any of the follow 
ing companies: Ford Motor Company; Cadillac 
Motor Company; Chrysler Corporation. 
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Sections AMERICAN WELDING SOCIETY 


CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 


To Members 

When in any city where sections of the Society 
are located—try to attend the meetings if held 
during your visit. This will widen your con- 
welding and enable you to in- 
terchange experience with others in similar 
lines of business. If no regular meeting date is 
telephone the Secretary who will tell you 


tacts im 


ATLANTA, GA. 1st Tues. 
CHAIRMAN—M. C. SNEAD, Link Belt 
Co., 1116 Murphy Avenue, S. W. 


SECRETARY—R. G. WILSon, 139 Simp- 
son St., N. W. 
BIRMINGHAM 3rd Fri. 


CHAIRMAN—E. E. MICHAELS, Chicago 
Bridge & Iron Co., P. O. Box 277 
SECRETARY—J. E. DurstINne, Lincoln 
Elec. Co., 505 No. 22nd St. 
BOSTON 3rd Fri. 
CHAIRMAN—P. J. HorcGan, General 
Electric Co., Lynn, Mass. 
3ECRETARY—P. N. RuGcG, Boston Edi- 
son Co., 39 Boylston St. 
CANTON, OHIO (Akron, Alliance, etc.) 
RoBeRt M. WALLAcE, The Griscom- 
Russell Company, Massillon, Ohio 
CHATTANOOGA, TENN. 
CHAIRMAN—E. C. CHAPMAN, Combus- 
tion Engineering Co., Hedges-Walsh- 
Weidner Div. 
SECRETARY—CHESTER T, RayMo, Chat- 
tanooga Boiler & Tank Company, 
1011 East Main St., Chattanooga 


CHICAGO 3rd Fri. 
CHAIRMAN—ToM JONES, 8244 East End 
Ave. 


SECRETARY—M. S. Hendricks, Room 
975, 608 So. Dearborn Street 
CINCINNATI, OHIO 
CHAIRMAN—W. W. Perry, Cincinnati 
Milling Machine Co., Cincinnati 
SECRETARY—J. K. Ross, United Weld- 
ing Company, Middletown, Ohio 
CLEVELAND Qnd Wed. 
CHAIRMAN-—E. R. Contract 
Welders, Inc., 2445 E. 79th Street 
SECRETARY—E. T. Scott, Cleveland 
School of Welding, 2261 E. 14th St. 
COLORADO 
J. H. Jounson, Johnson Supply Co., 
Denver, Col. 
COLUMBUS, OHIO 
Pror. O. D. Rickty, Ohio State Uni- 
versity 
CONNECTICUT 1st Tues. 
CHAIRMAN—E. R. Fisu, The Hartford 
Steam Boiler Insp. & Ins. Co., Hartford 
SECRETARY—H. A. PENNINGTON, A. B. 
King & Co., 196 Chapel Street, New 
Haven 
DETROIT . 1st or 2nd Fri. 
CHAIRMAN—VAUGHAN Re rp, City Pat- 
tern Works, 1165 Harper Ave. 
SECRETARY—H. P. Doup, General Elec- 
tric Company, 700 Antoinette St. 
HAWAII Ath Tues. 
CHAIRMAN—E. E. Heacock, Hawaiian 
Gas Products Ltd., P. O. Box 2454, 
Honolulu, T. H. 


SECRETARY—R. L. MULLEN, Honolulu 
Iron Works Co., Honolulu, T. H. 
INDIANAPOLIS, 
CHAIRMAN—R. D. EAGLESFIELD, 357 S 
La Salle St 
SECRETARY—J. S. P. R 
Mallory & Co. 
KANSAS CITY, Mo. 3rd Mon. 
CHAIRMAN—J. A. HALL, Kansas City, 
Structural Steel Co., Kansas City, 
Kansas 
SECRETARY—C, B. Herrick, Lincoln 
Electric Co., 1818 Main St., Kansas 
City, Mo. 
LOS ANGELES 3rd Thurs. 
CHAIRMAN—P. D. McElfish, Standard 
Oil Co. of Calif. Box 1437 Arcade 
Annex, Los Angeles, Calif. 
SECRETARY—J. C. Gowrnc, P. O. Box 
186, Huntington Park, Calif. 
MARYLAND 3rd Fri. except April 
CHAIRMAN—Dr. J. W. MILLER, Reid 
Avery Co., Ches. & Cleveland Aves., 
Dundalk, Md. 
SECRETARY—C. N. HILBINGER, Lincoln 
Electric Company, Baltimore, Md 


MILWAUKEE Qnd Wed. 
CHAIRMAN—K. L. HANSEN, Harnisch- 
feger Corp. 
SECRETARY—J. J. CHyYLE, 2841 N. Slst 
MONTANA 1st Wed. 
CHAIRMAN—HENRY F. C. RwUMFELT, 
701 Musselshell, Fort Peck 
SECRETARY—CHaAS. F. GARMAN, P. O 
Box 474, Fort Peck, Montana 


NEW YORK 
Qnd Tues. except when Joint Meeting is held 
CHAIRMAN—R. W. Boacs, The Linde 
Air Products Co., 205 E. 42nd St. 
SECRETARY—G. V. SLOTTMAN, Air Re- 
duction Sales Co., 60 East 42nd Street 


NORTHWEST 3rd Wed. 
CHAIRMAN—W. E. Murpny, Northern 
States Power Co., Minneapolis 
SECRETARY—ALEXIS CASWELL, Manu- 
facturers Assoc. of Minn., 405 
Marquette Ave., Minneapolis 


NORTHERN N. Y. Last Thurs. 
CHAIRMAN—W. F. Hess, Rensselaer 
Polytechnic Inst., Troy, N. Y. 
SECRETARY—G. A. Ross, General Elec- 
tric Co., Schenectady, N. Y. 


WESTERN N. Y. Last Mon. 
CHAIRMAN—H. J. ScHLEIDER, Air Re- 
duction Sales, 730 Grant St., Buffalo. 
SECRETARY—F. O. Howarp, Am. Steel 
& Wire Co., 1403 Liberty Bank Bidg., 
Buffalo, N. Y. 


OKLAHOMA CITY 1st Tues. 
CHAIRMAN—O. T. Barnett, Black, 
Sivalls & Bryson, Inc., Box No. 1377, 
Okla. City, Okla. 
SECRETARY—K. B. Banks, P. O. Box 
1377, Okla. City, Okla 


SECTIONS BEING DEVELOPED 


Note the name of the contact man in 
each locality who is either Chairman or 
Secretary of an active group interested in 
the formation and completion of Section 
Organization. Those desiring to assist 
should communicate with these indi- 
viduals. 


MIAMI VALLEY (Dayton, Troy, etc.) 


E. STANSEL, Frigidaire Division, Gen- 
eral Motors Corp., Dayton, Ohio 


DALLAS-FORT WORTH, TEXAS 
W.B. Van Wart, Wyatt Metal & Boiler 
Works, Dallas, Texas or C. K. Rickert 
Big Three Welding Equipment Co., 
Fort Worth 
FORT WAYNE, INDIANA 
James McCiure, Wayne Welding 
Supply Co., 513 East Wayne St., 
Fort Wayne, Indiana 
GRAND RAPIDS, MICH. 
R. D. Layman, The Lincoln Elec. Co., 
314 Bldg. & Loan Bldg. 
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OMAHA, NEBRASKA 
CHAIRMAN—L. B. Economy 
Welding Service, 18th & Cuning Sts. 
Omaha 
SECRETARY—G.E, McGratu, McGrath 
Welding Co.,4026 Nicholas, Omaha 
PHILADELPHIA 3rd Mon. 
CHAIRMAN—T. M. Jackson, Sun Ship- 
building & D. D. Co., Chester, Pa. 
SECRETARY—H. E. HopkKIns, Arcos 
Corp., 401 N. Broad St. 


PITTSBURGH Middle Wed. 
CHAIRMAN—LEON C. Carnegie- 
Illinois Steel Corp., Carnegie Building 
SECRETARY—J. F. MUINNoTTE, Min- 
notte Bros., 1201 House Bldg. 


PORTLAND No dates set 
CHAIRMAN—G. C, DrerKING, Steel Tank 
& Pipe Co., P. O. Box 1899, Sta. F 
SECRETARY—L. M. Pickett, Steel Tank 
& Pipe Co., P. O. Box 1899, Sta. F 
ROCHESTER, N. Y. 1st Thurs. 
CHAIRMAN—THOos.S. GAYLORD, Eastman 
Kodak Co Kodak Park Works 
SECRETARY—Paul W. James, 30 Row 
ley St., Rochester 
SAN FRANCISCO Last Fri. 
CHAIRMAN—N. F. Warp, University of 
Calif., Berkeley, Calif. 
SECRETARY—J. G. BoLuincer, Air Re- 
duction Sales, Park & Halleck Sts 
Emeryville, Calif. 
SAN JOAQUIN VALLEY 
CHAIRMAN—B RINTOUL, Western 
Water Co., Taft, Calif 
SECRETARY—H. S. Nix, Box 134, 
Taf?, Calif. 
ST. LOUIS Qnd Fri. 
CHAIRMAN—A. W. Harris, 2449 Milk 
Avenue, Alton, Ill 
SECRETARY—C. W. SAMMELMAN, 
4359 Lindell Blvd., Engineers’ Club 
TULSA, OKLAHOMA 
TEMP. CHAIRMAN—T. M. Hecoin, Tulsa 
Boiler & Machinery Co., P. O. Box 
1978, Tulsa, Okla. 
TEMP. SECRETARY—RICH THOMPSON, 
Air Reduction Sales Co., Tulsa, Okla. 
YOUNGSTOWN (Ohio) 2nd Mon. 
CHAIRMAN—CHARLES WATSON, Youngs- 
town Welding & Engr. Co. 
SECRETARY—C. A. WILLs, Wm. B. 
Pollock Co., Youngstown, Ohio 
SOUTH TEXAS 
CHAIRMAN-——MArVIN Cook, Humble Oil 
& Refining Co., Houston 
SECRETARY-TREAS.—-MALCOLM V. REED, 
P. O. Box 3052, Houston 
WASHINGTON, D. C. 1st Tues. 
CHAIRMAN-—A. G. Bureau of 
Construction and Repair, Navy Dept. 
SECRETARY——-C. A. Loomis, Bureau of 
Construction & Repair, Navy Dept 
WICHITA, KANSAS 
R. L. TOWNSEND, Phillips & Easton Sup- 
ply Co. 


MEMPHIS, TENN. 
B. B. Drury, Jr., Modern Engineering 
Company, 238 South Front St. 
SYRACUSE-UTICA, N. Y. 
Haro_tp P. Bentiey, 518 Elm St., 
Syracuse, N. Y. 
TOLEDO, OHIO | | 
J. W. Suucars, The Lincoln Electric 
Company, 632 Spitzer Building 
TRI-CITIES—ILL.-IOWA 
H. C. Kevsey, Machinery and Welder 
Co., Moline, Ill 
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Nowhere in the world do people 


get so much for their telephone 
money as in America. No other 
people get so much service and 


such good service at such low cost. 


BELL TELEPHONE SYSTEM 
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THE ENGINEERING FOUNDATION 


WELDING RESEARCH COMMITTEE 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 


Supplement to the Journal of the American Welding Society, May 1938 


WELDING NICKEL STEELS 


A Review of the Literature to July 1937 


By W. SPRARAGEN* and G. E. CLAUSSEN' 


This report is prepared under the auspices of 


THE LITERATURE DIVISION OF THE ENGINEERING FOUNDATION 
WELDING RESEARCH COMMITTEE 


TABLE OF CONTENTS 
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INTRODUCTION..... 3 HARDNESS bad Pick Up 14 
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Arc Welds 3 Thermit Welding 12 WELDING TRON ALLoys” 16 
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Summary 
WELDING NICKEL STEELS 


Nickel in Steel 


ICKEL has less affinity for oxygen and nitrogen 
N than iron and is inert in steel refining. In high- 

nickel alloys, nickel sulphide may be formed. In 
solid steel nickel dissolves completely in ferrite and 
austenite, and like other common alloying elements, 
slows down the rate of transformation of austenite to 
martensite or pearlite. 


MECHANICAL PROPERTIES 
Arc Welds 


Butt welds made in '/2 inch thick nickel steel plates 
(2 to 3'/.% nickel, 0.20-0.35 C), with a heavy coated 
electrode had tensile strengths equal to base metal, 
elongation in 1 inch of 18 to 23%, and tensile impact 
value of 70 to 85% of base metal. Welds in steel con- 
taining 0.20 C, 3'/2 Ni had excellent tensile impact 
properties at sub-zero temperatures. A higher car- 
bon content was disadvantageous, since a 2% Ni steel 
(0.2 C) was better than a 3'/2% Ni, 0.35 C steel. Yet 
the welded 2% Ni steel was no better than a 0.20 C 
steel in tensile impact value. In one series of tests, 
heat treatment of the 3'/.% Ni steel with 0.17 C (36 
hr. at 650° C.) lowered ductility of base metal and raised 
ductility of weld-metal (0.08 C, 1.7 Ni) until it was su 
perior to base metal. There was corresponding improve 
ment in the notch impact values so that they were nearly 
equal to the base metal at temperatures from room tem 
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perature down to —46° C. The effect of this heat treat 
ment on 2% Ni welds, while not so great as in 3'/2% Ni 
steel, was nevertheless quite pronounced (base metal 0.28 
C, weld-metal 0.10 C, 1.2 Ni). The Charpy impact values 
of the weld-metal remained at about 25 ft.-lb. from room 
temperature to —46° C. for the 3'/2% nickel steel and for 
the 2'/2% Ni steel dropped from 25 ft.-lb. at room tem 
perature to 18 at 16° C. With a lower carbon 2% Ni 
steel (0.14 C) the weld-metal had higher ductility and 
notch impact value, but lower strength than the welds in 
the higher carbon 2% Ni steel. The impact value of the 
lower carbon nickel steel, in contrast with the higher car 
bon nickel steel and a number of other steels, was not af 
fected by the grain refinement resulting from welding. 

Are welds in 4% Ni steel (0.8 C) have been produced 
with a Charpy impact value of 16 ft.-lb. at —185° C. 
Tests of nickel steel weld-metal, presumably 0.10 C, 1.6 
Ni, stress relieved at 650° C., using the Charpy specimen 
resulted in range of values from 14 to 27 ft.-lb. at —60 
C. The notch impact value was directly proportional 
to temperature between + 20 and —60° C., being about 
35 ft.-Ib. at +20° C. 


Oxyacetylene Welds 


Welds have been produced in (0.20 C, 0.04 Mn, 0.67 
Si, 0.53 Cu) alloy steels using 3.43 Ni (C 0.15, Mn 0.56, 
$i 0.26, Cu 0.15, Cr 0.10) rod which gave 84,000 Ib. per sq. 
in. tensile, 39% bend elongation and tensile impact (0.39 
x 0.59 in.) of 2100 ft.-lb. Other rods containing 2 to 
3'/s%nickel have produced welds in plain carbon and low- 
alloy steels with good physical properties. 

The mechanical properties of oxyacetylene welded 
SAE 2330 (3'/2% Ni, 0.30 C) tubing, 17 and 20 gage, 1'/s 
and 1'/s inches diameter, are as good as arc welded. 
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Atomic Hydrogen Welds 


With a 3'/2% nickel rod, welds have been made in '/1 
inch thick SAE 2335 steel (0.35 C, 3'/2 Ni) as strong as 
base metal after oil quenching from 845° C. (1 hr.) and 
drawing at 340-400° C.. The heat treatment refined the 
grain structure of the weld-metal so that it was indis- 
tinguishable from base metal. Good welds have been pro- 
duced in SAE 2330 (0.30 C, 3'/2 Ni) '/, inch thick having 
a tensile strength of 100,000 Ib./in.*, elongation of 14% 
in 8 inch and tensile impact of 377 to 529 ft.-Ib. ('/, inch 
x °/sinch). Base metal was 740 to 870 ft.-lb. 


Brazed Joints 


Tensile strengths of copper brazed SAE 2335 steels 
(0.35 C, 34/2 Ni) ranged from 63,000 to 86,000 Ib. /in.? 
Blanks not brazed but subjected to the brazing cycle had 
tensile strengths of 93,000 to 94,000 Ib. /in.” 


HARDNESS 


The investigations on are welding nickel steel show 
that in the steels (up to 3'/.% Ni) that have been tested, 
nickel is not an important contributor to the hardness of 
the weld and heat affected zone. In tests by one investi- 
gator, cracks occurred in are welded SAE 2340 (3'/, Ni, 
0.40 C) unless the parts were preheated to 200° C. The 
cracks formed about 0.02 inch outside the fillet weld in 
the heat affected zone and spread through the zone. 
When the welds were made with an appreciable interval 
of time between layers, cracks occurred in the first 
layer of weld-metal. When the layers were deposited in 
zone of the nickel steel. 

Hardness surveys confirm the important effect of car- 
bon on the maximum hardness of welds in 2 and 3'/,% 
Ni steel. For a nickel content of 2 or 3!/.2%, an increase 
in carbon from 0.22 to 0.45% raised the maximum hard- 
ness 175 to 300 Brinell units. However, the effect of 
welding speed seemed to depend on nickel content. An 
increase in welding speed from 5 to 12 inches per minute 
added 100 to 150 Brinell units to the maximum hardness 
of the 2% Ni steels. An increase in nickel content from 
2 to 3'/2% at constant carbon content did not raise the 
average maximum hardness more than 50 Brinell units. 

Lowering the nickel or carbon content, below 3'/» or 
0.35%, respectively, will restore the influence of welding 
speed on hardness between 5 and 12 inches per minute. 
There is no indication in the results for the 2% Ni steels 
that the maximum hardness is becoming independent of 
welding rate as carbon content is increased. An in- 
crease in plate thickness increases the rate of cooling and 
results in higher hardness. Nickel accentuates the 
hardness caused by welding only when the rates of cooling 
during welding are neither mild nor extremely severe. 

The committee on low-alloy steels consider steels 
containing 0.19-0.30 C, 0.56-1.08 Mn, 0.14-0.28 Si, 
2.08-3.61 Ni to be moderately air hardening under nor- 
mal welding conditions. 


General Observations 


The chief difficulty in welding nickel steels aside from 
hardening, appears to be cracking. Steels with over 
3% Ni and carbon in excess of 0.15 to 0.20% may have a 
degree of sensitivity to cracking which makes welding 
difficult, In arc welding SAE 2320 (0.20 C, 3'/2 Ni) and 
2340 (0.40 C, 3'/2 Ni) this is eliminated by preheating to 
200° C. 

Nickel steel castings (2 Ni, 0.8 Mn, over 0.25 C) must 
be preheated for welding repairs and stress relieved to 
avoid cracks. The rule is to use as small an electrode 


and as low current as possible. Too long in are resy}t< 
in poor penetration. 

The International Railway Congress Association stat, 
that heat treatment of oxyacetylene welded or flame ey; 
low-carbon nickel steel is essential. 


METALLOGRAPHY 


Weld-metal (1% Ni) and heat affected zones of welded 
2 and 31/2% Ni steels were much finer grained than base 
metal after heating 2 hr. at 650° C. 3% Ni steel weld 
metal (0.1 C) normalized at 920° C, tends to be finer 
grained than normalized plain carbon steel weld-metaj. 
are or oxyacetylene. 

In the as-welded condition, welds in nickel steel appear 
to have about the same grain size as in other steels 
Martensite is likely to form in the heat affected zone j; 
atomic hydrogen welding nickel steel (SAE 2345 3!/, \j 
0.45 C) 1/4 inch thick, but the martensite is replaced by 
troostite or softer decomposition products if more than 
one layer is deposited. Preheating to 200° C. is suffi 
cient to prevent the formation of martensite in the heat 
affected zone of are welded SAE 2320 steel. 


Recovery 


The percentage of nickel in the weld-metal deposited, 
from a nickel steel welding rod is usually considered to bx 
about the same as that in the rod itself. Very littk 
nickel is lost in transference, if dilution by base metal is 
taken into account. The recovery for the majority of 
the coatings was 40 to 90% and was generally independent 
of nickel content and the other variables. 


Pick Up 


If the filler rods containing very little or no nickel ar 
deposited in nickel steel, the weld-metal usually picks wy 
nickel by mixing with the base metal. 

The nickel pick up is proportional to the welding heat 
and to the amount of base metal with which a weld bead 
comes in contact. Available information shows that 
welds in 3'/2% nickel steel made with unalloyed electrodes 
may contain about 1% Ni with bare electrodes to 2% 
Ni with covered electrodes. 


RESISTANCE WELDING 


Flash welds in nickel steels (0.10 C, 2 to 5 Ni) had sat 
isfactory strength and ductility in both static and im 
pact tests, after heat treatment. No tests were made 
without heat treatment. 


FLAME CUTTING 


The SAE nickel steels of the 2000 series can be flame cut 
cold unless the carbon is above 0.30—0.32%, in which cas« 
preheat to 260-315° C. (500-600° F.). If the carbon 
content is above 0.50, preheat to 260-315° C., and anneal 
at 790-820° C. (1450-1500° F.) after cutting. Som 
times annealing need not be done if the cut parts ar 
slowly cooled from the preheat and promptly machined 
Much depends on the size and shape of the parts and : 
the service for which they are intended. Nickel stec!s 
up to 33% Ni (maximum content studied) are not difll 
cult to cut, but the nickel is not completely oxidized and 
forms a hard crust on the lower face of the plate along t!\ 
line of the cut. The hard layer may be softened by pass 
ing the torch over the reverse side of the plate after cut 
ting. 
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rhe heat affected zone may be the same or up to several 
times larger than in plain carbon steel of the same carbon 
t and thickness depending on speed. 


WELDING HIGH NICKEL-IRON ALLOYS 


oxyacetylene welding of iron containing up to 20% 
\j is easy. Gas absorption is prevented by a flux of 


glass or sodium silicate. The filler rod should have the 
same composition as base metal. Above 30% Ni gas 
absorption is difficult to avoid, and the welds may have 
blow-holes. The welding of mild steel with austenitic 
nickel steel electrodes has been found satisfactory. High 
carbon nickel steel weld-metal (1.00 C, 16.5 Ni, 4.2 Cr) 
produces a ductile joint in heat-treated Cr-Mo steel. 


Welding Nickel Steels 


INTRODUCTION 


difficulties to the welder. The mechanical prop- 

erties and hardening characteristics of the nickel 
steels, depending on composition, sometimes require that 
precautionary measures be adopted to obtain the best 
type of weld. Carbon to a greater extent than nickel 
is responsible for the hardness which welds in medium 
carbon nickel steels exhibit. Difficulty still is encoun- 
tered in recovering nickel from electrode coatings, 
although there is no difficulty if the nickel is alloyed with 
the core rod. It may be gathered from the meager lit- 
erature on the subject that high-nickel iron alloys con- 
taining 7 to 75% nickel have a good reputation from the 
standpoint of the welder. Detailed results on these 
topics are summarized in the following sections. Only 
the steels containing nickel are dealt with. However, 
the reader is reminded that fractional percentages of the 
elements always present in steel, for instance, manganese 
from 0.3 to 0.8%, may exert a significant influence on the 
welding of any alloy steel. The welding of steels con- 
taining nickel and other alloying elements, for example, 
SAE 3000, will be the subject of other reviews. 


dc welding of nickel steels presents no special 


NICKEL IN STEEL 


An authoritative statement of the effect of nickel in 
steel is given by T. H. Wickenden (Metals Handbook, 
1936 Edition, pp 411-416). Nickel has less affinity for 
oxygen and nitrogen than iron, and is inert in steel re- 
fining. In high-nickel alloys, nickel sulphide may be 
found. Nothing definite can be said about the action of 
nickel on steel-making slags. Nickel is said to check 
segregation and produce a fine primary structure. The 
scale on steels containing 3% Ni or more may contain a 
high content of metallic nickel, which may react with sul 
phur in the heating gases to form nickel-nickel sulphide 
eutectic (melting point 625° C.) which may cause inter- 
granular brittleness in the surface layers of the steel. 
Although molten and solid nickel has a greater solubility 
for hydrogen than iron, it is not known to what extent 
nickel steels absorb hydrogen. The inertness of nickel 
in steel refining accounts for residual nickel (0.05-0.10%) 
in plain carbon steels made from scrap. 

In solid steel nickel dissolves completely in ferrite and 
austenite, and like other common alloying elements slows 
down the rate of transformation of austenite to marten- 
site or pearlite. It is expected that a book on the Alloys 
of Iron and Nickel by the Alloys of Iron Research Com. 
mittee will soon appear which will summarize the large 
amount of information that is available on transforma 
tions in nickel steel. The effect of nickel is supposed to 
be related to the progressive lowering of the critical points 
in steel as nickel is added and to the large difference in 
nickel content between ferrite and austenite in equilib- 
rium combined with the low rate of diffusion of nickel 
in steel. In low-carbon nickel iron alloys (0.1 C) the 
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only structural constituent at 20° C. is generally con 
sidered to be austenite if the nickel content exceeds 25 
to 30%. In carbon-free alloys the austenite-ferrite 
change may occur in alloys containing as much as 34.4% 
Ni (P. D. Merica, National Metals Handbook, 1936 Edi- 
tion, 271-273) or possibly a little higher (E. R. Jette and 
F. Foote, Trans. A. I. M. E., 120, 259-272 (1936)). 

The commonest nickel steels are those containing up 
to 3'/s% Ni with 0.1 to 0.5 C. In these steels nickel in 
creases the strength and yield ratio at a given cooling 
rate above that obtained in plain carbon steels. The 
increase in elastic properties and strength is obtained 
with little or no loss in ductility or notch impact value. 
The nickel steels have a reputation for high impact value 
at low temperatures. Nickel steels (3 to 5% Ni) have 
better short time tensile strength at temperatures up to 
at least 500” C. than plain carbon steels of the same car 
bon content. In the range up to 5% Ni, nickel rapidly 
lowers the thermal and electric conductivity but has little 
effect on the coefficient of thermal expansion. Steels 
with 25 to 50% Ni have particularly low thermal con 
ductivity and unusually low coefficients of thermal ex 
pansion up to 500° C. depending on composition. Al 
loys with 25 to 30% Ni are practically non-magnetic at 
20° C. All other compositions are magnetic to different 
degrees. 


MECHANICAL PROPERTIES 


A rc Welds 


Arc welds in 2 and 3'/.% nickel steels have been the sub 
ject of study at Watertown Arsenal for a number of years. 
In 1930, Rose! reported tensile results on A. S. T. M. 
standard S-inch specimens 1'/, inches wide consisting of 
manual arc butt welds (single V, reverse bead) in normal 
ized nickel steel (0.45 C, 3.33 Ni, '/, inch thick, propor 


tional limit = 46,500 Ib./in.*, tensile strength = 92,000 
lb./in.?, elongation = 17.2% in & inches, reduction of 
area = 45%). The welds were made perpendicular to 


the direction of rolling and were ground flush. Six 
coated electrodes were used: (a) 0.34 C, 1.79 Ni, 0.61 Cr: 
(b) 0.26 C, 3.50 Ni; (c) 0.17 C, 0.19 V; (d) 0.51 C, 0.89 
Cr, 0.15 V; (e) 0.25 C; (f) 0.165 C. All welds had a 
proportional limit above 49,000 Ib./in.*, but only the 
specimens made with electrode (a) broke in base metal 
The tensile strength was 90,750 Ib. /in.*, elongation 13.9% 
in 8 inches, reduction of area 45%. Unmachined manual 
butt welds made with electrode (d) in '/s; '/4 and '/, 
inch plates of the same nickel steel had a tensile strength 
of 92,400 to 95,800 Ib./in.*, proportional limit 56,000 
58,000 Ib./in.* After stress relief at GOO” C. the tensile 
strength was 87,870 to 94,900 lb./in.*, proportional limit 
60,800 to 67,000 Ib./in.* The welds in the thinner plates 
usually fractured in base metal; the welds in the '/»-inch 
plate broke in the weld. 

These tests were continued by Mc Manus? and Vincent.’ 
Mc Manus used three electrodes: (a) 0.13-0.18 C, '/, 
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inch, 105 amps., medium flux coating; (6) 0.34C, 0.61 Cr, 

.79 Ni, '/s inch, 90 amps., very slight coating; (c) 0.15- 
0.25 C, 3'/2 Ni, */16 inch, 140 amps., very heavy coating. 
The nickel steel (0.32 C, 3.41 Ni, '/4 inch thick) was 
heated at 320° C. for */, hr. before welding. Still all the 
tensile specimens broke in the weld and welding condi- 
tions apparently were not optimum. Vincent arrived at 
somewhat similar results using an electrode containing 
0.26 C, 1.01 Ni, 0.49 Cr (no details about coating or cur- 
rent). Heating the ummachined welds at 600° C. re- 
duced static and impact tensile properties 10 to 20% be- 
low the as-welded results. The maximum tensile prop- 
erties obtainable in 1934 in butt welds in SAE 2335 plate 
'/, inch thick with commercial low-carbon electrodes, 
according to Warner,‘ are shown in Table 1. Using 


Table 1—Maximum Tensile Properties in Butt Welds in 
SAE 2335. Warner‘ (1934) 


Proportional Tensile Elongation, Reduc- 

Limit, Strength, % in tion of 

Electrode Lb./In.? Lb./In.? lInch Area, % 
Covered 40,000—45,000 75,000-80,000 10-15 20-25 
Bare 40,000—45,000 65,000—70,000 8-10 5-10 


covered electrodes containing 2% Ni or '/4,% Mo, War- 
ner obtained a tensile strength of 85,000 to 90,000 Ib./- 
in.? with 15-20% elongation in 1 inch. Static and im- 
pact tensile tests of °/,.-inch fillet welds (T joints) on 
SAE 2335 '/,inch thick made with !/s-inch bare low-car- 
bon electrodes also were reported by Warner.’ Single 
pass welds (100-150 amps.) had a static strength of 20,- 
000 to 23,000 Ib. per inch of fillet weld, impact tensile 
value of 200-300 ft.-lb., whereas two-pass welds had 26,- 
000 Ib. per inch and 900 ft.-lb., respectively. To some 
extent, as the hardness of the heat affected zone in- 
creased, the impact tensile value decreased. Weld-metal 
deposited by covered 5% nickel electrodes had the same 
strength as that deposited by 31/2% Ni electrodes but 
was more brittle.® 

The most recent results reported by Warner’ are sum- 
marized in Table 2. The plates were '/, inch thick and 
were welded (60° V butt) with a mineral coated elec- 
trode (0.15 C core wire, 2'/, Ni, 0.30 Mo in deposit). 
The parallel section of the static tensile specimen was | 
inch long and 1 inch wide with weld machined flush. 
The parallel section of the tensile impact specimen was 1 
inch long and '/2 inch wide with weld machined flush. 
The static ductility of the welds was lower than the base 
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Table 4—Static Tensile and Notch Impact Tests on Nickel Steels. Hopkins* 


Table 2—Tensile Properties of Arc Butt Welds in Nicke| 


Steels. Warner’ (1936) 
Proportional Tensile Tensile 
Limit, Strength, Elongation, Impact 
Lb./In.? Lb./In.? % in 1 Inch Ft.-Lb. 
Base As As As As As As As As 
Metal Rolled Welded Rolled Welded Rolled Welded Rolled Welded 
1 55,000 55,000 107,000 104,000 35 20.5 810 580 
2 50,000 =55,000 90,000 95,500 40 17.0 750 60K 
3 42,000 49,500 80,000 85,000 50 23.0 790 670 
Base Metal Cc Mn Si Ni Cr 
1 0.35 0.62 0.16 3.37 0.22 
2 0.23 0.64 0.18 3.27 
3 0.22 0.62 0.14 2.09 


metal (dimensions of unwelded tensile specimens not 
stated), and the tensile impact value of the welds was 
70 to 85% of base metal. At low temperatures, with q 
specimen '/, inch wide, 1 inch parallel section, weld 
machined flush, the tensile impact value of the higher 
carbon nickel steel became very low as shown in Table 3 


Table 3—Tensile Impact Value of Arc Butt Welds in Nicke! 


Steels. Warner’ (1936) 
Tensile Impact Value, Ft.-Lb. 
Room 
Base Metal Tem- 
Ni perature —18°C. —32°C. —46°C. —60°C. —73°C 
0.385 3'/, 100-220 100 =200-280 30-40 40 20-31 


0.20, 290-330 
2 230 
0.20, 


250-340 200-280 70-35 
100—230 150 150-20 
200-280 60 150-220 100-19 


The welds (electrode not stated) were stress relieved at 
600° C. (time not stated). Although stress relief added 
a few foot pounds to the tensile impact value of base 
metal, its effect on the welds was not determined. The 
welds in steel containing 0.20 C 3/2 Ni had excellent 
tensile impact properties at low temperatures. A higher 
carbon content was disadvantageous. The 2% Ni steel 
was better than the 3'/,% Ni, 0.35 C steel, but was no 
better than the 0.20 C steel in tensile impact value. 
Static tensile (specimen 0.505 inch diameter) and notch 
impact tests, Table 4, were made by Hopkins’ in steels of 
the same types as those used by Warner. The welds were 
made in '/.-inch plate with °/js-inch covered electrodes 
(450 amps.) of the same analysis as base metal. All 
welds were heated 2 or 36 hr. at 650° C. and furnace 
cooled before test. The impact results are averages of 
two specimens. The 2% Ni steel contained 0.28 C, 0.60 


Time of Yield Strength, Tensile Strength, Elongation, Reduction Maximum Brinell 
Heat Lb./In.? Lb./In.? % in 2 inches of Area, % Hardness 
Treat- All- All- All- All- Heat 
ment at Base Weld- Base Weld- Base Weld- Base Weld- Affected Base 
Base Metal 650°C. Metal Metal Metal Metal Metal Metal Metal Metal Weld Zone Metal 
2% Ni 2hr. 47,400 89,750 76,500 93,800 30.0 16.0 59.4 33.4 192 161 143 
2% Ni 36 hr. 35,700 69,400 73,150 80,400 30.5 24.0 66.1 55.7 170 156 135 
31/2% Ni 2 hr. 48,650 77,150 77,150 88,000 29.5 21.0 58.6 56.2 182 166 156 
3'/2% Ni 36 hr. 51,000 63,000 92,200 78,250 20.5 23.5 40.7 49.2 170 170 161 
Charpy Impact Value 
+21° C. —32°C. —46° C. 
Time of Heat Heat Heat Heat 
Treatment at Affected Base Affected Base Affected Base 
Base Metal 650° C. Weld Zone Metal Weld Zone Metal Weld Zone Metal 
2% Ni 2 hr. 27.8 37.6 48.1 19.9 37.7 40.6 14.5 34.8 31.7 
2% Ni 36 hr. 24.8 42.8 32.9 23.5 41.2 24.4 18.4 39.8 22.3 
31/2% Ni 2 hr. 24.1 44.4 41.7 21.3 37.9 26.3 19.7 35.6 36.4 
31/2% Ni 36 hr. 27.7 34.9 31.3 27.7 23.5 23.4 25.6 26.2 17.3 
4 WELDING RESEARCH SUPPLEMENT MAY 
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Yield Strength, Tensile Strength, 


Elongation, 


Reduction of Charpy Impact Value, Ft.-Lb. 


Lb./In.? Lb./In.? % in 2 Inches Area, % 21° C. -46° C, 

All- All- All- All- Heat af- Heat Af- 
Elec Weld- Base Weld- Base Weld- Base Weld- Base fected Base fected Base 
trode Metal Metal Metal Metal Metal Metal Metal Metal Weld Zone Metal Weld Zone Metal 
V 42,300 41,000 73,750 66,650 27.0 34.0 57.8 59.1 26.1 35.5 14.9 24.6 39.3 39.8 
Mo 41,450 42,000 59,750 66,250 34.0 35.0 64.7 60.8 32.3 42.0 39.3 99.8 4.0 41.7 


Table 6—Static Tensile and Notch Impact Properties of Weld-Metal Cut from 2% Ni Steel Tank. Hopkins’ 


Charpy Impact Value, Ft.-Lb 


+21" C 
Heat Af Heat Af 
Yield Strength, Tensile Strength, Elongation, fected fected 
Weld Lb./In.? Lb./In.? % in 2 Inches Weld Zone Weld Zone 
Low-nickel 53,650-76, 100 72,100-88,600 28 .0-21.0 20 . 9-27 .6 17.1-17.7 32-37 
High-nickel 51,500-58,500 70,000-70, 150 32.0-23.5 26. 0-36 .7 40 16.9-18.6 39_ 27 


Mn, 0.22 Si, 2.19 Ni; the weld contained 0.0S8—0.14 C, 
0.6 Mn, 0.3 Si, 1.12—1.27 Ni, 0.14-0.24 VV. The 3'/2% Ni 
steel contained 0.17 C, 0.44 Mn, 0.19 Si, 3.72 Ni; the 
weld contained 0.05—0.11 C, 0.5 Mn, 0.25 Si, 1.64—-1.76 
Ni, 0.07-0.11 V. The 2% Ni steel was basic open-hearth; 
the 3!/e% Ni steel was basic electric. The Charpy speci- 
men was 0.394 inch square with keyhole notch (#47 drill, 
0.234 inch from center of keyhole to unnotched face, 2 
inches long). The notch was approximately in the cen- 
ter of the thickness of weld or plate. 

The results show that the weld-metal had somewhat 
lower ductility but higher strength than base metal. 
The exceptionally high strength and low ductility of the 
3'/e% Ni steel after 36 hr. at 650° C. is ascribed to the 
heat-treating temperature being close to the critical 
range (no details). The notch impact value of the heat 
affected zone was always higher than that of base metal 
presumably because the grain size of the zone was finer. 
The notch impact value was satisfactory even at —46° 
C. Unfortunately, Hopkins did not state the procedure 
of welding, nor did he explain the low nickel and high 
vanadium contents of the welds. Hopkins (private 
communication, March 1938) now considers vanadium 
unnecessary for good notch impact properties at low 
temperatures, and has found that molybdenum in nickel 
steel electrodes helps to secure good low-temperature 
notch impact value. 

Similar tests were made on a lower carbon 2% Ni steel 
(0.14 C, 0.56 Mn, 2.04 Ni) welded with two electrodes; 
the weld-metals contained (a) 0.07 C, 0.53 Mn, 0.35 Si, 
0.28 Mn, 0.31 V; (6) 0.08 C, 0.48 Mn, 0.24 Si, 0.39 Ni, 
0.57 Mo. The results on specimens stress relieved 4 hr. 
at 650° C. and furnace cooled are shown in Table 5. 
The weld-metal had higher ductility and notch impact 
value, but lower strength than the welds in the higher 
carbon 2% Ni steel. Furthermore, although as in the 
welds made with nickel steel electrodes, the grain size of 
the base metal was much larger than that of the heat 
affected zone, the notch impact value of the heat affected 


electrodes (no details) were used. One weld contained 
1/5% nickel: 0.09 C, 0.40 Mn, 0.20 Si, 0.45 Ni. The 
other weld contained 0.10—0.14 C, 0.45 Mn, 0.06 Si, 2.25 
Ni, 0.15-0.27 Mo. Table 6 shows that the yield and ten 
sile strengths are about the same as those obtained on the 
'/, inch welds shown in Table 4, and that 2.25% nickel in 
a fine-grained weld-metal is not necessary to secure good 
notch impact value at —46° C. However, coarse, den 
dritic structure in the base metal spoils its notch impact 
value at low temperature. A hammer test on the welded 
tank at —46° C. produced no cracks. Hopkins found 
that field welds in a 2'/,% Ni steel pipe, 1 foot diameter, 
'/, inch wall, that were locally stress relieved had good 
Charpy values (no details). ° 

Static tensile and notch impact tests by Kleinefenn'’ 
on weld-metal containing 0.2 C, 1.2-1.4 Mn, 2 Ni, 0.22 
V deposited by coated electrodes had yield strengths of 
97,000 Ib. /in.*, tensile strengths 110,000 Ib./in.*, elonga 
tion 12% in 1.2 inches, reduction of area 20%, notch im 
pact value 4 to 6.5 mkg./cm.* (approximately 15 to 25 
Charpy ft.-lb., specimen was 0.39 x 0.39 inch, 1.6 inches 
span, notch 0.4 inch deep, 0.08 inch diameter). Heating 
to 920° C. (furnace cool) or 600° C. lowered yield 
strength and tensile strength to 70,000 and 90,000 Ib 
in.*, respectively. (Detailed results are given in Review 
of Literature on Nitrogen.) The normalized welds had 
remarkably fine grain size. Nevertheless, at —SO” C. 
the notch impact value was below 2 mkg./cm.* (approxi 
mately S Charpy ft.-lb.) whether normalized or not. 
At 0° C. the as-welded specimens had 50% less notch im 
pact value than at +20° C. The normalized welds, on 
the other hand, showed little reduction at 0° C. com 
pared with +20° C. No tests were made between 0 and 
—S80° C. Bare electrode deposits containing 0.04 C, 0.12 
Mn, 0.01 Si, 2 Ni had low ductility and notch impact 
value in all conditions. 


Table 7—Tensile Tests of Welded 3!1/2% NiSteel. Jennings!’ 


Yield Tensile Elongation, Reduc 
zone was about the same as base metal. Consequently, Strength, Strength, %in tion of 
Hopkins deduced that the impact value of the lower car- Electrode Lb./In.* Lb./In.? 2 Inches Area, % 
bon-nickel steel, in contrast with the higher carbon- Bare low-car- q 7 
nickel steel and a number of other steels, is not affected by 40,000-45,000 —60,000-70,000 8-10 5-10 
the grain refinement resulting from welding. 
An indication of what may be expected of welded carbon steel 40,000—45,000 75,000-80,000 10-15 1-25 
nickel steel in engineering service was given by Hopkins’ Coated 31/.% i , 
in his tests on a tank ft. long, 4 ft. inside diameter, Ni 45,000-55,000 90-000,95,000 1o-20 18-25 
ade anf 907 1 Coated 2% 
made of 27% nickel _ steel ] inches thick containing Ni steel. 40,000-45,000 80,000-85,000 15-20 90-95 
0.14 C, 0.57 Mn, 0.17 Si, 2.16 Ni. Two grades of coated 
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According to Jennings,'! the best results in arc welding 
SAE 2315 (0.10—0.20 C, 3.25-3.75 Ni, 0.15—0.30 Si, 0.30— 
0.60 Mn) are obtained with coated 3!/2% Ni steel elec- 
trodes, Table 7. Evidently, Warner’s statement in 1934 
that satisfactory coated 3'/.% Ni steel electrodes have 
not been developed no longer applies. Jennings sup- 
plies no details of his tests, such as number of layers and 
analysis of weld-metal, but states that heat treatment at 
(20-650° C. improves the ductility of the weld, doubles 
the impact strength, and lowers the tensile strength 1 to 


According to the Cooperative Committee on Special 
Steels for Ship Construction,'? welds made by different 
commercial electrodes in a steel containing 0.19-0.30 
C, 0.56-1.03 Mn, 0.14—-0.28 Si, 2.08-3.61 Ni (mini- 
mum yield strength = 55,000 Ib./in.?, minimum tensile 
strength = 88,000 Ib./in.*, elongation = 15% in 2 
inches minimum, as-rolled) have 8 to 23% elongation 
in 2 inches, 11 to 32% reduction of area, and 23 to 38 
ft.-lb. Charpy impact value (no details). Without 
stating carbon content and other details, Moses!® found 
that the bend elongation and Charpy impact value of 
weld-metal containing 2% Ni, deposited by heavily cov- 
ered electrodes ranged from 30 to 42% and from 40 to 
56 ft.-lb., respectively. Corresponding ranges for weld- 
metal containing 3% Ni were 27 to 35% and 39 to 56 ft.- 
Ib. All specimens were stress relieved between 590 and 
680° C., and flat bend tests through 180° showed no fail- 
ures. The Charpy impact value of 3% Ni steel weld- 
metal was 36 and 34 ft.-lb. in the as-welded and 
stress relieved (680° C.) conditions, respectively, at 
—75° C. Unnotched bars of 3% Ni steel weld-metal 
1/, inch diameter were bent 90° in the impact machine 
at —180° C. without cracking. 

Butt welds made with special covered electrodes (no 
details) in a steel containing 0.19 C, 0.6 Mn, 1.9 Ni (yield 
strength = 53,300 Ib./in.*, tensile strength = 77,000 
Ib./in.*), according to Orr,'* had the same yield strength 
as base metal. The tensile strength (fracture in weld) 
was 78,000 unmachined and 83,000 Ib./in.* 
machined flush. The bend elongation was 12% in !/, 
inch (60° bend, roller bend, plunger diameter = 1'/, 
inches). The specimens were 1!/. inches wide '/2 inch 
thick and were heated '/, hr. at 600° C., furnace cooled. 
Most of the fractures were clean and silky. Brillié and 
Roux" report tensile, bend and notch impact (Mesnager) 
results on a weld-metal containing 0.13 C, 0.11 Si, 0.41 
Mn, 3.25 Ni deposited by oxyacetylene. The yield 
strength was 61,500 Ib./in.*, tensile strength = 81,500 
Ib./in.?, elongation = 8.5% in 7.2 diam., 171 Brinell, 8 
to 14 mkg./cm.* Mesnager impact value. Water- 
quenching from 900° C. raised the Brinell hardness to 
325 but the notch impact value remained high: 12 
mkg./em.? Annealing at 900° C. was_ beneficial. 
Water-quenching from 600° C. followed by 40 days at 
20° C. had no effect on ductility or impact value. 

Pohl quotes the results shown in Table 8 by the A. O. 
Smith Corporation on normalized steel (0.3 C, 0.6 Mn, 


Relationship of 


Major Axis Relationship of 


of Specimen to Axis of Keyhole Heat 
Direction of Notch to Plane Base Affected F 
Rolling of Rolling Metal Zone 
Longitudinal Parallel 35.0 §1.7 
Longitudinal Perpendicular 34.8 47.1 
Transverse Parallel 30.2 39.6 
Transverse Perpendicular 29.7 35.2 


Table 8—Tensile Tests on eer Welded 212% Nickel Stee] 
15 


Longitudinal Transvers 
Weld Weld 
Tensile strength, Ib./in.? 81,000 78,000 
Yield strength, Ib./in.? 55,500 50,000 
Elongation, % in 2 inches 40 40 
Reduction of area, % 60 55 


0.25 Si, min., 2.5 Ni, minimum tensile strength 71,000 
Ib./in.?, minimum yield strength = 41,000 Ib./in.2, 30% 
elongation in 2 inches) welded with covered nickel stee] 
electrodes. The specimens were cut from a welded pres- 
sure vessel 0.71 to 1.46 inches wall thickness. Are welds 
in 3% Ni steel had a Charpy impact value of 16 ft.-Ib. 
at —185° C. (no details). 

In 1919 Tris and Kapetensky”™ tested arc butt welds 
in two nickel steels, Table 9, welded with a bare electrode 
containing 0.03 C, 0.12 Mn, 0.037 S. The welds were 


Table 9—Tensile Tests on Welded Nickel Steels. Tris and 
Kapetensky" 


Tensile Strength, Lb. /In.* 
Elastic Limit, Lb. ‘In.? Oxyacetylene 
Oxy Welded 
Arc acetylene Are As- Heat 
Steel Unwelded Welded Welded Unwelded Welded Welded Treated 


1 37,650 38,000 25,500 64,000 44,700 46,650 52.000 
2 61,200 33,000 39,450 85,000 39,000 55,000 68 700 
Steel te Mn Ss Ni Cr 
1 0.18 0.35 0.035 4.34 
2 0.20 0.60 0.04 1.17 0 24 


made between beveled bars, 1 inch diameter, ', y-inch root 
spacing and were machined to tensile specimens ().505 
inch diameter. 

The high notch impact value of are welds in 2'/,°% 
Ni steel at temperatures as low as —60° C. was the 
principal result of Aldridge and Shepherd’s” extensive 
tests on butt welds stress relieved at 650° C. in nor- 
malized (815° C.) plate 1°/s inches thick and presum 
ably containing 0.25 C, 2.25 Ni. Coated electrodes 
(d.c.) of the same analysis as base metal were used and 
the axis of the welding groove was transverse to the 
direction of rolling. Table 10 shows that the direc 
tional properties of the plate disappear at the fusion 
line and weld and that both have about the same notch 
impact value as base metal. The exceptionally high 
toughness of the longitudinal specimens from the heat 
affected zone were ascribed to the fact that the notch 
in the transverse specimens straddled the zone, whereas 
in the longitudinal specimens the notch lay entirely 
within the zone, which was '/s to */;, inch wide. Both 
weld and heat affected zone were fine grained. Tests 
of nickel steel weld-metal, presumably 0.10 C, 1.6 Ni, 
stress relieved at 650° C., using the Charpy specimen re 
sulted in range of values from 19 to 27 ft.-Ib. at —60° C 


Table 10—Notch Impact Value of Welded 214% Ni Steel Plate. Aldridge and Shepherd’’ 


Charpy Impact Value, Ft.-Lb. 


Heat 
usion Base Affected Fusion 
Line Weld Metal Zone Line Weld 
32.0 33.7 21.8 36.1 26.6 21.9 
31.3 34.8 22.4 36.0 21.9 23.6 
31.8 33.2 17.9 20.4 20.1 22.4 
32.0 34.5 18.3 20.1 21.6 23.2 


(Specimen was 0.39 x 0.39 inch with notch 0.08 inch diameter, 0.20 inch deep, A.S.M. recommendation. ) 
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The notch impact value was directly proportional to 
temperature between +20 and —60° C., being about 


95 ft-lb. at +20° C. The notch impact value of welded 
nickel steel pipe (0.14 C, 0.45 Mn, 2.33 Ni pipe analysis) 
f inches diameter, normalized '/, hr. at 815° C. before 
welding and stress relieved at 2 hr. at 650° C. after weld- 
ing, Table 11, is much higher in base metal than in the 
weld. 


Table 11—Notch Impact Value of Welded 214% Nickel Steel 
Pipe at —600° C. Aldridge and Shepherd'’ 


Charpy Impact Value, Ft.-Lb. 
Stress Relieved 


As-Welded 650° C. 
Pipe 37.0 34.8 
Heat affected zone 36.0 34.5 
Two-pass weld 16.0 19.0 
Three-pass weld 17.0 20.8 


(Same type of specimen as in Table 10) 


Drop tests on deposits (0.05 C, 5.20 Ni) made by a 
bare electrode (0.12 C, 0.46 Mn, 5.13 Ni) on a base of 
heat-treated cast chromium-nickel steel (0.45 C, 0.84 Cr, 
3.05 Ni, 0.80 Mn, 0.40 Si) by Noderer,'* Table 12, showed 


Table 12 —AERA Drop Tests on Nickel Steel Weld Deposits, 


Noderer" 
5% Nickel Chromium- 
Steel Nickel Steel “*Stoody”’ 
Deposit Deposit Deposit 
Brinell hardness as-welded 203-207 302-311 237-240 
Brinell hardness after drop test 312-398 412-430 501-503 
Loss in height, % 33 .6-33.7 29.3-308 27 .7-28.1 
Ni Mn Si Remarks 
Cr-Ni steel electrode 0.53 0.85 3.22 0.76 0.35 bare and coated 
Cr-Ni deposit 0.16 0.58 3.27 0.58 .20 (sull or lime) 
gave identical re- 
sults with elec- 
trode on positive 
or negative pole 
Stoody electrode 3.37 32.35 9.20 electrode positive 
Stoody deposit 0.83 6.44 1.68 


that, in comparison with the high-alloy “‘Stoody’’ deposit, 
the 5% Ni steel is rather soft. The deposits were ma- 
chined to cones 1 inch high, 1 inch base and were struck 
by a falling weight. The nickel steel electrode was 
negative, 100-150 amps. Noderer believed that de- 
posits with air hardening properties are best for the sur- 
facing of rails. 

In a study of deposits made by mild steel electrodes 
electroplated with up to 3% nickel, Schmitt'’ found that 
as the percentage of nickel plated on the electrode was 
increased, the bend ductility increased 100%, although 
there was no material change in the tensile strength and 
hardness. The increase in bend ductility was attributed 
to decrease in nitrogen pickup. Using thin coated elec- 
trodes '/15 to */g inch diameter on SAE 2320 aircraft tub- 
ing 17 and 20 gage, 1'/s and 1'/,. inches diameter, Hird*® 
found that butt joints with the bead on had an efficiency 
of 95 to 102%, and with the bead off 90 to 102%. Un- 
machined T welds had efficiencies of 49 to 103%. Heat- 
ing to 800° C. for 10 minutes followed by cooling to 590° 
C. in 2 hr. lowered the efficiency of the butt joints to as 
low as 77%. The butt joints always fractured in base 
metal 1 inch or more from the weld. In 1931, Roux*! 
noted that are welds in steel containing 0.25 C, 3.2 Ni 
pe excellent notch impact values, but he supplied no 
details. 


Oxyacetylene Welds 


Oxyacetylene welds in three structural steels made with 
three nickel steel rods were tested in static and impact 
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tension and in roller-bend by Streb and Kemper,** Table 
13. A reduced-section tensile specimen was used, 1 inch 
wide, machined flush. The tensile impact specimen had 
a cross section of approximately 0.39 x 0.59 inch; the 
parallel length was 3.7 inches including fillets. Frac- 
tures occurred in the plate in mild steel, but in the weld 
in the low-alloy steel, except with rod 3. The tensile 
impact specimens of the low-alloy steel welded with rod 
3 broke in base metal. Rod 3 was considered to produce 
the best combination of properties. 


Table 13—Mechanical Properties of Oxyacetylene Welds 
Made with Nickel Steel Rods. Streb and Kemper” 


Low-Carbon Steel Low-Alloy Steel Medium 
Tensile rensile Carbon Steel 
Tensile Bend Impact Tensile Bend Impact Tensile 
Strength,Elonga- Value, Strength, Elonga- Value, Strength, 
Rod Lb./In.? tion, % Ft.-Lb Lb./In.* tion, % Ft.-Lb Lb./In.? 
1 60,000 18 1410 84,000 26 1080 80,000 
2 64,000 11 1410 91,000 17 1340 109,000 
3 64,000 17 1440 84,000 39 2100 105,000 
S Mn Si Cu Cr Ni Mo 
Rod 1 0.10 0.49 0.18 0.15 0.06 2.14 0.14 
Rod 2 0.15 0.49 0.21 0.08 0.67 3.44 
Rod 3 0.15 0.56 0.26 0.15 0.10 3.43 


Low-carbon steel 0.11 0.53 trace 
Low-alloy steel 0.20 1.04 0.67 0.53 
Medium carbon steel 0.4 


0.63 inch thick 
0.47 inch thick 


Tensile and notch impact tests by Kleinefenn'’ on a 
weld deposit containing 0.04 C, 2.0 Ni, 0.09 Mo (see re- 
view of literature on Nitrogen) and made with a rod 0.24 
inch diameter (oxygen-acetylene ratio = 1 to 1.05, 78 
84 cu. ft./hr. total gas consumption) showed that the 
deposit had a tensile strength of 68,500 Ib./in.*, and an 
elongation of 21.7% in 1.2 inches. Rapid cooling from 
600° C. followed by holding (aging) at room temperature 
for 12 days raised the tensile strength to 88,000-98,000 
Ilb./in.? and decreased the elongation from 11 to8.3% in 1.2 
inches. Cold stretching 8% followed by heating 1 hr. 
at 250° C. also lowered the elongation to 10% in 1.2 
inches. The deposit contained 0.0334% nitrogen, 
0.059% oxygen which possibly accounts for the results. 
The notch impact value at — S80” C. was less than 2 mkg 
em.? (approximately 8 ft.-Ib. Charpy). 

Stursberg** found that a rod containing 0.11 C, 0.47 
Mn, 0.17 Si, 0.13 Mo, 2.03 Ni gave welds which had maxi 
mum tensile strength at an oxygen-acetylene ratio of 0.9. 
The welds were made in a plate containing 0.35 C, 0.65 
Mn, 0.18 Si, 0.24 inch thick. The specimens were of re- 
duced section type, 0.59 inch parallel section, 0.55 inch 
wide, 0.16 inch thick. Other low-alloy steel rods pro 
duced stronger welds. The roller bend ductility was 
36% in 0.59 inch (plunger 0.59 inch thick, plate = 
0.20 inch thick, crack = 0.02 inch wide). Using different 
oxygen-acetylene ratios, Stursberg found that the maxi- 
mum notch impact value was 8.9 mkg./cm.*? (DVMR 
specimen, approximately 45 ft.-lb.) and occurred at an 
oxygen-acetylene ratio of 1.0-1.1. 

Micromachine tests by Séférian** on 90° V butt welds 
in plate 0.24 inch thick with three rods are summarized 
in Table 14. The tensile specimens were 0.06 inch diame 
ter, 0.28-inch gage length. The shear specimens were 
0.06 inch diameter. The hardness was measured with a 
ball 0.047 inch diameter, 10 kg. load, or with a diamond 
cone. Using the ratio (100 x R-R’)/R as a criterion of 


weldability (R = minimum strength of weld, R' = maxi-_ 


mum strength of weld), Séférian showed that the welda- 
bility was 25 to 30 for Rod A 40, 15 to 22 for A 50, and 
8.5 to 12.3 for A6O. The nickel steel rod, therefore, was 
the best. 

According to Hird,*° the mechanical properties of 
oxyacetylene welded SAE 2330 (3'/.% Ni) tubing, 17 and 
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Table 14—Micromachine Tests on Oxyacetylene Welds. Seférian”* 


Tensile Strength, Shear Strength, 


Lb./In.? Lb./In.? 
Specimen Weld Zone Weld Zone 
A40, as welded 57,000 82,000 36,000 60,000 
A40, annealed 54,000 73,000 35,000 50,000 
A50, as welded = 64,000 81,000 41,000 50,000 
A5O, annealed 63,000 78,000 41,000 53,000 
A60, as welded 71,000 81,000 50,000 61,000 
A60, annealed 71,000 78,000 50,000 53,000 
te Mn Si Ni 
Base Metal 0.415 0.940 0.250 
Rod A40 0.115 0.600 0.245 
Rod A5O 0.185 0.990 0.370 
Rod A60 0.135 0.500 0.270 3.37 


20 gage, 1'/s and 1'/»: inches diameter, are as good as arc 
welded. Tris and Kapetensky” in 1919 found that 
oxyacetylene welded 4% Ni steel, Table 9, had low 
strength; oxyacetylene welded 1% Ni steel was stronger. 
Oxy-illuminating gas welds in low-carbon steel '/, inch 
thick made with a rod containing 0.14 C, 0.19 Si, 0.49 Mn, 
3.26 Ni and with the aid of a special torch, Lurie*® found, 
had a tensile strength of 47,000 to 51,000 Ib./in.*, 6 to 
7% elongation in 1'/, inches on machined specimens '/, 
x 1*/, inches. The ratio of tensile strength of weld to 
base metal was only 75%. Tensile tests on oxyacety- 
lene welded 2% Ni steel for railway car frames are given 
in Table 23. 


Atomic Hydrogen Welds 


The results shown in Table 15 were obtained by Wein- 
man.”* Ray” found that the weld was as strong as base 
metal in atomic hydrogen welded SAE 2335, '/16 inch 


Table 15—Mechanical Properties of Atomic Hydrogen Welds 
Made with a 3!/2% Ni Steel Rod. Weinman” 


Rotating 
Elon- Bend 
Propor- ga- Reduc- Fatigue 
tional Tensile tion, tion of Limit 
Limit, Strength, %in Inches Area 
Specimen Mn Ni Lb./In.? Lb./In.2. 2 % Lb./In.? 
Filler rod 0.46 0.61 3.41 
Deposit 0.23 0.60 3.38 46,000 80400 14.6 31 30,000 


V weld in steel 

containing 

0.09 C, 0.50 

Mn 0.15 ‘ 2.40 23,000 65,150 22 62.2 20,000 
V weld in steel 

containing 

0.35 C, 0.40 

Mo, 2'/4 Ni 0.15 ° 2.85 38,000 91,000 4.5 18 20,000 


thick after oil quenching from 845° C. (1 hr.) and draw- 
ing at 340-400° C. The heat-treatment refined the grain 
structure of the weld-metal so that it was indistinguish- 
able from base metal. Heat-treated specimens '/, inch 
diameter, Table 16, had about the strength to be expected 
from the SAE charts. The weld contained small blow- 
holes but bend tests on non-standard specimens were suc- 
cessful. 


Table 16—Tensile Tests on igeete Hydrogen Welded SAE 


Yield Strength, Tensile Strength, 


Lb./In.? Lb./In.? 
Unwelded 169,200 188,200 
Butt Welds 142,500 147,500—-185,300 


(All specimens were oil quenched from 845° C. (1 hr.), drawn at 
340-400 ° C.) 


Shear Yield, Tensile Micro-Brinel] 
Lb./In.? Elongation, % Hardness 
Weld Zone Weld Zone Weld Zone 
15,000 31,000 33 25 110 175 
15,000 26,000 31 26 105 155 
17,000 28,500 30 22 120 190 
17,000 23,000 31 22 120 150 
20,000 28,500 27 p> 115 150 
21,000 30,000 27 25 120 160 
Yield Strength, Tensile Strength, Elonga- Brinell 
Lb./In.? Lb./In.? tion, % Hardness 
2,500 78,000—92,500 17-18 
35,500-37 ,000 57,000—61,000 25 170 
50,000—52,500 60,000-64,000 14-16 130 
60,000-62,500 78,000-81,000 8-10 120 


McManus? had success in welding SAE 2330 (0.32 C, 
0.61 Mn, 0.18 Si, 3.41 Ni, '/, inch thick, 60° V welds per- 
pendicular to the direction of rolling) by means of the 
atomic hydrogen process, using a bare rod '/, inch diame- 
ter containing 0.40 C, 0.77 Mn, 0.52 Si, 0.92 Cr, 0.24 
Mo, Table 17. The tensile specimens (weld ground flush) 


Table 17—Atomic Hydrogen Welds in SAE 2330. McManus? 


Elonga- Tensile 

Yield Tensile tion, Bend Impact 

Strength, Strength, % in Elonga- Value, 

Specimen Lb./In.?, Lb./In.2, 8 Inches tion, %  Ft.-Lb. 
Base metal 66,000 99,000 17.5 33 740 to S17 


Cr-Mo welds 66,000 100,000 14 10 to 14 377 to 529 


were |'/. inches wide; two out of three fractured in base 
metal. The bend specimen was | x 5 inches, and was 
bent around a pin 1 inch diameter. The parallel section 
of the tensile impact specimen was 2*/, inches long, in- 
cluding fillets; the width was °/s; inch. 


Brazed Joints 


Kelly” reported the tensile strength of 15 samples of 
copper brazed SAE 2335 as ranging from 63,000 to 86,000 
Ib./in.? Blanks not brazed but subjected to the braz- 
ing cycle had tensile strengths of 93,000 to 94,000 Ib. /in.’ 
(no details). McManus? did not obtain good joints in 
3'/,% Ni steel (0.32 C, 3.41 Ni) using aluminum bronze, 
phosphor bronze or Monel metal electrodes. The Mo- 
nel electrode had a medium coating. The aluminum 
bronze welds were difficult to make. 


HARDNESS 


The investigations on are welding nickel steel at the 
Watertown Arsenal show that in the stee!s (up to 3'/2% 
Ni) that have been tested, nickel is not an important con- 
tributor to the hardness of the weld and heat affected 
zone. In welding strips of SAE 2320 or 2340 1 inch thick 
to a centrifugal casting, Table 18, approximately 12 


Brinel! 

Hard 

Si Ss P Ni Mo ness 

SAE 2320 0.19 0.68 0.19 0.029 0.018 3.52 (0.08 200 
Cr) 

SAE 2340 0.49 0.54 0.15 0.019 0.021 2.91 : 220 

Casting 0.425 0.71 0.290 0.022 0.017 0.286 0.10 200 
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Fig. 1—Points of Maximum Hardness (dots) in Manual Arc Welds. Warner”’ 


A—Two layer fillet weld 

B—Single fillet weld 

C—Steel containing 0.2-0.4 C, 3'/2 Ni, 1 inch thick 

D—Cast steel containing 0.4 C, 0.7 Mn, 0.3 Si, 0.3 Mo, 0.1 V. 


inches long, 4'/2 inches outside diameter, 1'/, inches wall, 
with unalloyed low-carbon electrodes, using fillet welds 
(1 to 3 layers), Warner” found that a low temperature 
preheat was necessary to prevent excessive hardening and 
to insure freedom from check cracks, Table 19. 


Table 19—Maximum Vickers Brinell Hardness of Heat 
Affected Zones. Warner?’ 


Electrode SAE 2340 SAE 2320 Casting Treatment 


Bare 500 350-400 500 No preheat 
Covered 500-600 300—400 450-500 No preheat 
Covered iach 250 350 Preheat 200° C. 


The maximum hardness (manual welds) was found at 
the dots in Fig. 1, 0.01 to 0.04 inch from weld-metal, and 
was independent of type of electrode, arc energy and pro- 
cedure of welding. The hardness of the weld-metal 
varied from 150 to 350 Brinell but was always lower than 
the maximum hardness of the heat affected zone. The 
fracture of the covered electrode weld-metal in the tensile 
impact test was silky whereas the fracture of the bare 
electrode weld-metal was crystalline. On a specimen 
0.166 inch square, 1*/s inches effective length, the casting 
had a tensile impact value of 65 to 85 ft.-lb., bare elec- 
trode weld-metal 3 to 20 ft.-lb. covered electrode weld- 
metal 25 to 35 ft.-lb. The electrodes were °/3. inch di- 
ameter, 135 to 230amps. The fillets were °/)¢ or */s inch, 
and the rate of welding was varied from 2 to 17 inches per 
minute. Automatic arc welds with */,. inch covered 
electrodes gave about the same results as manual welds. 
In SAE 2340 the maximum hardness in the heat affected 
zone averaged 550 to 600 Brinell for automatic welds (2 
to 8 inches per minute) and the hardness values were less 
erratic than with hand welding. 

Heating at 300° C. for 16 hr. did not affect the hard- 
ness of any welds appreciably, except to cause a slight 
increase in the hardness of the weld-metal. The tensile 
impact value of the weld was reduced 5% (average) by 
heating at 300° C. if preheating was used; otherwise 
heating at 300° C. had no effect. 

Cracks, when they appeared in SAE 2340, formed 
about 0.02 inch or so above the fillet in the heat affected 
zone and spread through the zone. No cracks were ob- 
served in the casting and very few in the weld. The 
tendency to cracking was independent of type of elec- 
trode, arc energy and number of layers. When the welds 
were made with an appreciable interval of time between 
layers, as in automatic welding, cracks usually occurred 
in the first layer of weld-metal. When the layers were 
deposited in rapid succession, as in hand welding, cracks 


occurred in the heat affected zone of the nickel steel. 
Preheating eliminated cracks. 

Using '/s inch covered electrodes (90-100 amps.) or 
’/# inch bare electrodes (110 amps.), Warner® found that 
the maximum hardness in the heat affected zone of 3'/2% 
Ni steel inch thick was 610 Vickers Brinell if the 3'/.% 
Ni steel contained 0.45 C (hardness of base metal = 275 
Brinell), and 300 Vickers Brinell if the steel contained 
0.30 C (hardness of base metal 220 Brinell). Stress 
relieving at 600° C. reduced the hardness to 300 and 250 
Brinell, respectively. If the 0.45 C, 3'/, Ni steel was 
preheated to 150-200" C. the maximum hardness was re 
duced to 400-450 Brinell. 

Warner's’ most recent hardness surveys confirm the 
important effect of carbon on the maximum hardness of 
welds in 2% and 3'/2% Nisteel. He deposited by hand a 
single bead (no details of electrode) 3 inches long in the 
center and parallel to the long edge of a plate 3 x 9 
inches, '/. inch thick, and made a hardness survey | inch 
from the start of the bead. The effects of carbon and 
nickel contents and of speed of are travel on the maxi- 
mum hardness, which occurred in the heat affected zone 
close to the fusion line, are shown in Fig. 2. The shaded 
areas represent the ranges of maximum hardness values 
that were observed at different welding speeds. Clearly, 
for a nickel content of 2% or 3'/.%, an increase in carbon 
from 0.22 to 0.45% raised the maximum hardness 175 to 
300 Brinell units. 

However, the effect of welding speed seemed to depend 
on nickel content. An increase in welding speed from 5 
to 12 inches per minute added 100 to 150 Brinell units to 
the maximum hardness of the 2% Ni steels. In the 
3'/s% Ni steels, on the other hand, a similar increase in 
welding speed had no effect on maximum hardness if the 
steel contained 0.45 C, and raised the hardness only 50 
units with 0.35 C. Evidentl¥, the rate of cooling in the 
experiments was sufficiently rapid to develop a com 
pletely hard structure (probably martensitic, but Warner 
made no comments on microstructure) even at the slow 
est welding speed adopted. Unquestionably, at ex 
tremely slow rates of welding the maximum hardness of 
the 3'/. Ni, 0.45 C steel would have been much less than 
625 Brinell. 

An increase in nickel content from 2 to 3'/s% at con- 
stant carbon content did not raise the average maximum 
hardness more than 50 Brinell units. It should be re- 
membered, however, that Theisinger found that a plain 
carbon steel with 0.45% C welded at 12 inches per minute 
did not exceed 275 Brinell in the heat affected zone* 
compared with 625 Brinell at Ni, 0.45 C.  Simi- 
larly, a plain carbon steel with 0.25 C welded at 10 to 12 
inches per minute would not exceed 200 Brinell in the 
heat affected zone (again Theisinger’s data), compared 
with 325 to 400 Brinell with 0.25 C, 3'/2 Ni. Warner's 
results on the steel containing 0.45 C, 3'/2 Ni suggest that 
beyond a critical high rate of welding the hardness of any 
steel can increase no more; its maximum hardness due 
to quenching is attained. It is well known that for most 
steels there is no advantage, from the standpoint of high 
surface hardness in exceeding a well-defined rate of cool 
ing or quenching. Warner's curves show that an increase 
in nickel to 3!/2% at 0.45 C eliminates any effect of weld 
ing speed on maximum hardness between 5 and 12 inches 
per minute. There is good indication, too, that steels 
with 3'/. Ni and more than 0.45 C will not exhibit any 
change in maximum hardness as a result of varying the 


* Theisinger automatically deposited beads of metal from bare electrodes 
*/s: inch diameter, 375 amps., 23 volts a. c . down the entire length of center of 
plates 9 x 3.x '/2 inch thick Warner believed that Theisinger’s maximum 
hardnesses were lower than would have been obtained using lower currents and 
shorter beads Nevertheless, Warner stated in earlier work that arc energy 
had no effect on the maximum hardness in nicke! steels Unfortunately, 
Warner reported no results on plain carbon steels 
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Fig. 2—Effect of Welding Heat on '/:-Inch Structural Nickel-Steel Plate. Warner 


(Courtesy of International Nicke! Company.) 


welding speed between 5 and 12 inches per minute. 
Lower nickel or lower carbon content will restore the in- 
fluence of welding speed on hardness between 5 and 12 
inches per minute. There is no indication in the results 
for the 2% Ni steels that the maximum hardness is be- 
coming independent of welding rate as carbon content is 
increased. As the maximum Vickers Brinell hardness 
in the heat affected zone increased the proportional limit 
and tensile strength increased (see section on Mechanical 
Properties—Are Welds), and the elongation decreased, 
but the tensile impact value varied in an independent 
manner. 

An increase in plate thickness increases the rate of 
cooling and results in higher hardness. The two points 
for 1'/,-inch plate in Warner’s plots lie above the low- 
speed hardness with '/:-inch plate. It would seem that 
increase in plate thickness would act like increase in car- 
bon or nickel in rendering maximum hardness indepen- 
dent of welding speed. 

Hardness surveys similar to Warner's were made by 
Theisinger*® of the heat affected zone in three unma- 
chined, normalized nickel steels created by depositing a 
bead of metal from a bare electrode 5/32 inch diameter, 
375 amps., 23 volts a.c., automatic welder, down the en- 
tire length of the center of plates 9 x 2 x '/2 inch thick. 
The results in Table 20 make it clear that as the welding 
speed is increased from 6 to 12 inches per minute, the 
hardness increase is 20 to 40 Brinell units less than the 
increase over base metal hardness due to welding at the 
slowest speed, 6 inches per minute. The total increase in 
hardness at 12 inches per minute was greatest (115 Bri- 
nell units) in the 0.30 C, 3.45 Ni steel, and least (74 
Brinell units) in the 0.17 C, 2.15 Nisteel. In plain carbon 
steel Theisinger found, using the same experimental pro- 


cedure, that the total increase in hardness over unaffected 
base metal at a welding speed of 12 inches per minute was 
60 Brinell units for a 0.30 C steel and 45 Brinell units for 
a 0.17 C steel. The addition of 2 to 3'/2% Ni to the 
plain carbon steels nearly doubled the increase in hard 
ness caused by welding at a speed of 12 inches per minute 


Table 20—Maximum ‘Hardness in Heat Affected Zone of 
Nickel Steels. Theisinger” 


Maximum Vickers Brinell 
Hardness in Heat Affected 


Zone 
Base Metal Brinell 6 Inches/ 8 Inches/ 12 Inches 
Cc Ni Hardness Min. Min. Min 
0.30 3.45 218 258 278 330 
0.20 3.40 185 215 218 282 


0.17 2.15 166 185 L&7 240 


If the speed of 6 inches per minute is considered, the hard 
ness of the plain carbon steels increases 30 Brinell units 
whereas the hardness of the nickel steels with the same 
carbon contents increases 20 to 40 Brinell units. At the 
lower welding speed nickel appears to have no effect on 
the increase in hardness caused by welding. If we com 
bine this conclusion with the conclusion indicated by 
Warner's experiments on 3'/2 Ni, 0.45 C steel that very 
high-welding speeds bring all steels of the same carbon 
content to about the same hardness, we may deduce that 
nickel accentrates the hardness caused by welding only 
when the rates of cooling during welding are neither mild 
nor extremely severe. 

In Table 4 Hopkins* shows that the maximum Brinell 
hardness in arc welds in 0.28 C, 2.19 Ni steel and in 0.1: 
C, 3.72 Ni steel is less than 200 after the weld is heated 2 
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hr. at 650° C., and is only 170 Brinell after 36 hr. 650° at 
C. Kleinefenn’s” tests (see review of literature on Ni- 
trogen) showed that weld-metal containing 2 to 3'/2% Ni, 
(.04-0.21 C, had a hardness of 120 to 181 Brinell after 
normalizing at 920° C. The Committee on Low-Alloy 
Steels!? consider steels containing 0.19-0.30 C, 0.56- 
1.03 Mn, 0.14-0.28 Si, 2.08-3.61 Ni as moderately air 
hardening under normal welding conditions (no details). 
According to Hodge,*' a steel containing 0.20 C, 3.5 Ni 
(martensitic; manganese content not stated) cracked in 
the heat affected zone when the hardness of the zone was 
350 Brinell. Preheating was essential to prevent crack- 
ing (no details). In 1922 Diegel** observed that oxyacety- 
lene welds in 3 to 5% Ni steel are likely to be glass hard. 
Atomic hydrogen welds tested by Weinman” contained 
0.15 C, 2.40 Niand 0.15 C, 2.85 Ni and had hardnesses of 
104 B and 114'/. B Rockwell, respectively. 

Wiss** showed that oxyacetylene flame cutting of 
nickel steel, Table 21 raises the surface hardness. Asa 
general rule, Wiss believed that the hardness of flame cut 


Nickel Steel. Wiss** 
Brinell Hardness Annealed 


Steel Flame Cut Flame Cut 
C Ni Base Metal Surface Surface 
0.12 a.¢ 174 270 217 
0.28 3.2 207 375 255 


surfaces of alloy steels is no greater than that of plain 
carbon steel of the:same carbon content. The Brinell 
indentation was made on the cut surface. 


GENERAL OBSERVATIONS 


Instructions for welding nickel steels depend on the 
carbon and nickel contents. Warner® showed that 
cracks in SAE 2320 or 2340, 1 inch thick can be avoided 
if are welding is done at 200° C. preheat. According to 
Armstrong,” welded nickel steel castings (2 Ni, 0.8 Mn, 
0.18 C) need not be stress relieved. With over 0.25 C 
the castings must be preheated for welding repairs 
and stress relieved to avoid cracks. For '/, inch 3'/2% 
Ni steel plate, Barnes® used '/s; inch low-carbon steel 
electrodes, 125 amps., '/s inch are length. The rule is 
to use as small an electrode and as low current as pos 
sible. Too long an are results in poor penetration. 
A plain carbon electrode was used by Bergsma®! in 
welding 4% nickel steel (no details). Brady®? recom- 
mended °/ or '/4-inch mild steel shielded arc electrodes 
for welding 3'/2% nickel steel 1 inch thick, 60° V. 
For thicker plates the joint should be X and the shielded 
are electrodes should contain low carbon and 2-2!'/,% 
nickel. The nickel steel electrodes are used as well 
for SAE 2512 which is preheated to 370° C. and heat 
treated after welding. For temporary welds 1S-S 
electrodes ('/s inch diameter) may be used. Straight 
beads are deposited without weaving, and each bead is 
permitted to cool (hand warm) before another is deposited. 
Stanner®* also recommends nickel steel electrodes for car 
burizing steels if recarburizing is necessary after welding. 
The unwelded part is covered with clay to prevent 
excessive carburizing during recarburizing. 

Preheating to 100-150° C. (200-300° F.) and heat 
treatment at 610-650° C. (1150-1200° F.) are required 
in are welding SAE 2315 or 2340, according to Jennings."! 
Hatfield® also believes that heat treatment is very de- 
sirable for nickel steel weld-metal (3% Ni), and the In- 
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ternational Railway Congress Association state that 
heat treatment of oxyacetylene welded or flame cut low 
carbon nickel steel is essential. Downes** condemned 
the welding of nickel steels without qualification on ac 
count of the relatively inferior quality of welded and 
brazed joints (no details). In Johnson’s® opinion the 
welding of 3!/2% Ni steels should be confined to joints 
(aircraft) subjected to comparatively low stress. Daniels* 
regarded nickel steel aircraft tubing as unsatisfactory for 
welding on account of sensitivity to overheating. 

The chief difficulty, aside from hardening which ts dis- 
cussed in the preceding section, appears to be cracking. 
Warner’s”™ study of are welds in SAE 2320 and 2340 (see 
section on Hardness) showed that both steels were prone 
to cracking, which was eliminated by preheating to 200° 
C. The metal deposited by Hopkins’* 2% Ni electrode 
(see section on Mechanical Properties) cracked in the 
first bead, but was satisfactory in subsequent layers. 
In welding nickel steels with filler metal containing over 
39% Ni, Chapman” (private communication, March 
1938) found cracks in the red hot weld-metal. It was 
found that steel with over 0.03% sulphur had a greater 
tendency to crack than lower sulphur steel, but there was 
no proof that low-sulphur nickel steels would not crack. 
Chapman found that base metal and weld-metal had 
excellent ductility when worked at a red heat; there 
was no trace of red shortness. Nickel steels for pressure 
vessels are never red short in the sense of lack of forgea 
bility at high temperature. E. W. P. Smith (private 
communication, March 1938) referred to the same diffi- 
culty in steels with about 0.10 C, over 2% Ni. Holm- 
berg*®’ states that the one disadvantage of nickel steels is 
thermal checking, especially in thick sections (6 inches or 
more) and in “‘dirty’’ material. According to Holm- 
berg (private communication, March 1938), nickel lowers 
the critical points, and increases the difference in tem- 
perature between the critical points on heating and cool- 
ing. When the steel pass s through the critical points, 
either on heating or on cooling, the sudden increases or 
decreases in temperature together with the resulting 
expansion or contraction may cause internal ruptures. 
These may take the form of a myriad of small cracks that 
are difficult to detect and decrease the ductility. Dirty 
material contains particles that serve as nuclei for the 
cracks. For this reason uniform heating and cooling are 
essential in welding. 

Very few welders succeed with an oxyacetylene welding 
rod containing 0.20-0.25 C, 3.0-3.5 Ni, in Dawson’s® 
experience, because cracks form in the weld-metal at a 
red heat. Yet nickel steel at one time was very popular 
for oxyacetylene welding rods. A preliminary draft of 
the A.S. M. E. Boiler Code® in 1921 suggested the use of 
a rod containing 0.1S—0.22 C, 0.40—-0.50 Mn, 3.0-3.5 Ni, 
as shown in Table 22. The popularity of the nickel steel 


Table 22 — Nickel Steel Rods for Oxyacetylene Welding 


Other 

Date Cc Mn i Ni Element Reference 
1921 0.18-0.22 0.40-0.50 3. 0-3.5 A.S.M.E 

A.W.5.** 
1933 0.15-0.25 5 or 3.5 Plumley*' 
1932 0.15-0.25 0.3-1.0 0.3-0.5 3.5 Keel? 
1932 0.07 0.15 0.008 2.0 0.168 Mo = Rechtlich* 
1936 0.10-0.15 0.60-0.80 trace | Portevin** 
1936 0.10 0.10 Mo Portevin*' 


rod appears to have been created by the high recovery 
efficiency of nickel. Its effect in raising the strength 
counteracted the tendency toward poor welds in difficult 
situations for which the nickel steel rod was favored. 
The rod recommended by Rechtlich was for plain-car 
bon aircraft tubing containing 0.5-0.6 C. The rod was 
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easier to use on 0.25 C steel than on the higher carbon 
steels. Daniels® stated that a nickel steel rod was satis- 
factory for oxyacetylene welding Cr-Mo aircraft tubing. 
Holler and Frankenbusch® showed that a rod containing 
3% Ni was good for welding low carbon and medium car- 
bon structural steel, the fracture in tensile tests occurring 
outside weld-metal. The welds had a notch impact 
value (standard German round notch specimen) of 7.87 
to $8.51 mkg./em.* (approximately 40 ft.-lb. Izod) 
whether in one or several layers. According to Ronay,* 
high-strength oxyacetylene rods usually contain up to 
1.5% Ni with or without an efficient scavenger, such as 
vanadium. ‘The nickel steel rods are never copper coated 
for the obscure reason that the melting point is lowered 
too much. A 2% Ni steel rod was used by Szumowski“ 
for welding the 2% Ni steel that was used for highly 
stressed parts of a welded rail car frame. The nickel 
steel was oxyacetylene welded, although 75% of the 
frame was made of are welded plain carbon steel (0.35 


Table 23—Oxyacetylene Welds in 2% NiSteel. Szumowski*’ 


Properties of Butt 
Welds 
Yield Tensile 
Strength Strength Bend 
Cc Mn_ Si P S Cu Ni Lb./In.? Lb./In.? Angle 
Base metal 0.28 0.65 0.21 0.018 0.012 0.18 1.95 84,000 100,000 60°- 


to to 
Filler rod 0.20 0.82 0.54 0.016 0.01 0.184 2.09 90,000 103,000 


C, 0.71 Mn). According to Diegel,*® Eisner in 1914 
had found that 0.2% Ni injured the gas weldability of 
boiler tubes, but Diegel** himself showed that at least 
up to 0.25% Ni was not harmful in the oxyacetylene 
welding of mild steel. 

Nickel steel rods (no details) have been used success- 
fully® in the repair of large high-carbon steel castings 
for lifting magnets. Crepaz and Lops” found that 2.25- 
2.55% Ni can be introduced into oxyacetylene welds by 
coating the rod with nickel oxide, which is reduced by 
aluminum or graphite. Although the claim was made 
that nickel plated rods did not rust and consequently 
produced welds free from slag, Hollard®' showed that 
welds made with the same steel for filler rod with the 
rod nickel plated in one instance and heavily rusted in 
another had equally high quality as revealed by micro- 
scopic examination. 

Nickel plated flux covered electrodes were suggested 
by Hobart® in 1919. Deposits from covered nickel 
plated electrodes (0.10-0.14 C, 1'/, Ni), according to 
Dustin,®* had a yield strength = 51,000 Ib./in.’, tensile 
strength = 71,000 Ib./in.*, 20% elongation, 5 to 6 
mkg./em.? Charpy notch impact value. Schmitt!’ 
nickel plated 0.16 inch mild steel electrodes in five steps 
up to 38% Ni. The loss of nickel by spatter was 30% 
with the 3% Ni rod. The nickel plating decreased 
nitrogen pick up by 29%. Strength and hardness were 
not affected by the nickel plating but the bend ductility 
increased 100%. The nickel steel electrode was never 
so popular as the nickel steel filler rod for oxyacetylene 
welding, although the AMERICAN WELDING Society** 
in 1927 recommended an electrode containing 3'/2% 
nickel. 

Without offering any explanation, S. W. Miller® 
in 1922 was unable successfully to use bare electrodes 
containing 3% Ni. Streb and Kemper*’ found that 2% 
and 3'/2% nickel steel oxyacetylene rods tended to give 
poor penetration. On the other hand, Holler and Frank- 
enbusch® found that their 3% Ni steel oxyacetylene rod 
gave a less viscous melt than a silicomanganese steel 
rod. Yet S. W. Miller® attributed the freedom of 


nickel-steel oxyacetylene weld-metal from FeO to the 
viscous slag created by NiO. 

In are welding, Warner‘ observed that butt welds 
with bare electrodes were generally more porous op 
SAE 2335 than on SAE 1035. Lincoln recommends 
the use of covered 3'/2% nickel steel electrodes for weld 
ing 3'/2% nickel steel, but there is likely to be a good 
deal of porosity in the weld which there is no way of 
overcoming. The flux coated 3'/2% nickel steel elec 
trode (0.18 C, 0.43 Mn, 3.54 Ni) has a reputation for 
wild flowing, according to Green,®* the deposit efficiency 
being only 65% (electrode negative) to 69% (electrode 
positive). The deposit efficiency was defined as the ratio 
of the weight of electrode consumed to the weight of the 
deposit, the metal being deposited vertically downward 
on a steel stud 1'/, inches diameter. Loss by spatter 
was 10 to 100% greater than loss by vaporization. [t 
was believed that the electrode contained no occluded 
hydrogen. 


Forge Welding 


In 1889 Fleitmann® succeeded in welding iron to 
nickel under pressure at about 500° C. below the melt 
ing point of the metals. Later, in 1909, Burgess and 
Aston™ forge welded pure iron alloyed with any per- 
centage of nickel using a high temperature and borax 
flux. On the other hand, Hadfield® in 1898 could not 
get good forge welds in steels containing 0.27 or 5.s| 
Ni with 0.18—0.19 C, 0.65-0.79 Mn. Steels with 0.14 C. 
0.86 Mn, 29.07 Ni or 0.18 C, 0.93 Mn, 11.39 Ni could 
not be forge welded. Browne’ (1899) had greater suc- 
cess than Hadfield. Only steels with over 3% Ni 
(about 0.2 C) were difficult to forge weld. The diffi- 
culty arose in the tenacious film of oxide which formed 
on the higher nickel steels and could not be fluxed away. 
Nickel was supposed (erroneously) to have a great 
affinity for oxygen. Browne made the following pene- 
trating statement about the hardening of nickel steel 
in welding. ‘‘Nickel renders the carbon in steel very 
sensitive to the heat treatment received in welding.’ 
According to Speller,” iron and steel for forge welding 
should contain less than 0.05% Ni. 


Thermit Welding 


There appears to be no difficulty in obtaining Thermit 
weld-metal containing nickel. In 1900 Goldschmidt’! 
produced a Thermit weld-metal containing 3'/2% Ni, 
and a Thermit weld containing 0.36 C, 1.2 Mn, 1.11 Ni 
is mentioned by Pellissier.” 


Carbon Arc Welding 


The carbon are welding of 1°/;% Ni steel is the same as 
for plain carbon steel, according to Croskell.’* 


METALLOGRAPHY 


The structure of welds in different nickel steels made 
by different processes and subjected to different heat 
treatments has not received much attention. The 
micrographs accompanying Hopkins’ impact study olf 
welded 30 and 3'/2% Ni steels (see section on Mechani- 
cal Properties) show that the weld-metal (1% Ni) 
and heat affected zones were much finer grained than 
base metal after heating 2 hr. at 650° C. Kleinefenn' 
also noted that 3% Ni steel weld-metal (0.1 C) normalized 
at 920° C. tended to be finer grained than normalized 
plain carbon steel weld-metal, arc or oxyacetylene (sce 
review of literature on Nitrogen). 

In the as-welded condition, welds in nickel steel 
appear to have about the same grain size as in other 
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No. (Mn) (Si) (Ni) (Ni)! (C) 
1 7.52 2.84 3.96 1.6 2.64 
2 7.40 2.73 6.84 2.7¢ 2.59 
3 7.18 2.58 14.26 ey 2.53 
4 7.02 2.43 27 .00 10.7 2.48 
5 15.08 2.21 6.62 2.6 2.39 
6 14.94 2.16 12.94 §.1 2.44 
7 14.82 2.10 28.14 11.2 2.31 
8 30.88 2.18 6.12 2.4 2.20 
9 29.94 2.02 13.32 5.3 2.00 
10 29.34 2.14 26.43 10.5 2.22 
1] 7.34 5.96 7.22 2.9 6.84 
2 7.18 6.12 16.72 6.6 6.72 
13 14.86 9.96 7.64 3.0 6.81 
14 14.72 9.74 16.36 6.5 6.56 
15 14.81 2.12 7.22 2.9 13.40 
16 14.60 2.26 15.90 6.3 12.84 
17 14.98 2.04 27.31 10.8 13.02 
i8 0.22 0.18 32.60 12.9 2.56 

( ) = weight % constituent in coating. 

| | = weight % constituent in deposit. 


Table 24—Recovery of Nickel from Coated Mild Steel Electrodes. Losana and Jarach"! 


(Ni)! = percentage of nickel calculated on basis of core rod of electrode. 
Brinell Hardness was measured on deposits after heating 30 min. at 900° C. and furnace cooling. 


i Si Mn Ca 
Electrode 0.11 0.042 0.42 
Powdered nickel 0.31 0.29 0.48 fen 
Ferrosilicon 2.08 55.86 0.82 0.20 
Ferromanganese 1.94 3.56 79.88 0.012 


Graphite 96.83 


steels. Coarse Widmannstatten structure was observed 
by Séférian** in oxyacetylene welds made in plain carbon 
steel (0.42 C, 0.94 Mn) with a rod containing 0.14 C, 
0.50 Mn, 0.27 Si, 3.37 Ni. The heat affected zone was 
also coarse grained. Ray” found that an atomic hydro- 
gen weld in SAE 2335 was coarse grained before it was 
heat treated. Carbon arc welds in 1°/,% Ni steel, ac- 
cording to Croskell,’* show no peculiarities of structure 
(no details). 

In 1918 Jeffries observed well defined martensite 
in a weld made with an electrode containing 0.2 C, 3.5 
Ni. Rose! mentioned that martensite was likely to form 
in the heat affected zone in atomic hydrogen welding 
nickel steel (SAE 2345) '/, inch thick, but that the 
martensite was replaced by troostite if more than one 
layer was deposited. In a metallographic study of the 
arc welded SAE 2320 discussed in the section on Hard- 
ness, Carter and Warner” found that preheating to 200° 
C. was sufficient to prevent the formation of martensite 
in the heat affected zone. Heating at 300° C. after 
welding did not alter the microstructure. The micro- 
structure of the cracks was not discussed, but it was 
found that covered electrode weld-metal was capable of 
greater grain refinement than bare electrode metal under 
the heat treatment caused by successive layers (no ex- 
planation). Bannon’ found that the heat affected 
zone of are welds in 3!/2% Ni steel (no details) '/, inch 
thick was sorbitic and distinctly banded owing to in- 
clusions which lowered the carbon solubility in austenite. 
Although it would appear possible that martensite might 
be present in the fusion zone of Monel welds in mild 
steel, Flocke and Schoener’s” micrographs give no 
evidence for a band of martensite. 


RECOVERY 


_ The precentage of nickel in the weld-metal deposited 
Irom a nickel steel welding rod is usually considered to 
be about the same as that in the rod itself. Very little 
nickel is lost in transference, if dilution by base metal is 
taken into account. S. W. Miller® found practically 
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Brinell 

[Mn] [Si] IC] [Ni] {Nil/(Ni)' Hardness 
0.26 0.02 0.02 0.58 0.36 138 
0.28 0.06 0.03 1.98 0.73 144 
0.22 0.12 0.05 4.64 0.81 162 
0.17 0.20 0.06 5.60 0.52 176 
0.52 0.08 0.07 1.38 0.53 140 
0.49 0.18 0.08 1.86 0.37 156 
0.43 0.34 0.08 3.92 0.35 170 
1.82 0.34 0.13 1.37 0.57 
1.61 0.42 0.14 eri 0.3: 172 
1.14 0.89 0.15 3.81 0.36 198 
0.48 0.18 0.16 1.38 0.48 
0.42 0.32 0.20 3.16 0.48 : 
0.79 0.35 0.18 1.18 0.39 148 
0.68 0.62 0.21 2.53 0.39 ‘ 
0.87 0.05 0.18 1.10 0.38 
0.85 0.09 0.18 2.26 0.36 176 
0.68 0.18 0.20 3.56 0.33 
0.02 trace 0.02 6.94 0.54 

P S Cu Ni Fe 


0.013 0.027 trace Remainder 
0.11 97 . 82 1.06 
0.028 


0.016 Remainder 
0.028 0.038 Remainder 
0.21 


no loss of nickel from mild steel oxyacetylene welding 
rods containing nickel. Nickel steel oxyacetylene rods 
were recommended by Keel and Richter’ for back hand 
welding because the loss of alloy was slight. Only 6% 
of the total nickel content was lost from the 3'/2% Ni 
oxyacetylene rod used by Mercier." 

Although it is often taken for granted that the re- 
covery of nickel from nickel steel electrodes is nearly 
complete, there is remarkably little quantitative in- 
formation on the subject in the literature. Without 
supplying any details, Dams’ stated that a deposit con- 
taining 0.12 C, 0.36 Mn, 2.80 Ni was obtained from an 
electrode with 0.24 C, 0.62 Mn, 3.00 Ni. Schuster'® 
found that a bare electrode containing 2.20 Ni, 0.09 C, 
0.18 Si, 0.42 Mn deposited metal containing 2.10 Ni, 
0.07 C, 0.20 Mn (electrode negative), and 1.32 Ni 
(electrode positive). According to Schmitt’ nickel 
plated bare mild steel electrodes may lose up to 30% 
Ni by spatter. 

There is great difficulty in obtaining nickel steel weld- 
metal from an electrode with nickel in the coating, 
according to Bennett,” who offers no evidence. The 
experimental results of Losana and Jarach,*! Table 24, 
confirm Bennett’s statement. The electrode was '/, 
inch diameter. Water glass (36° Be) was used as binder. 
The powdered nickel was deoxidized in hydrogen at 
500° C. before use. The ratio of weight of electrode to 
weight of coating varied from 2.34 to 2.70. The arc 
length and current were the same in all tests (no details) 
The column (Ni)! was prepared by the reviewers on the 
assumption that the average ratio of weight of electrode 
to weight of coating was (2.34 + 2.70)/2 = 2.52. For 
example, if there was 3.96% Niin the coating, the equiva- 
lent percentage of nickel in the core rod of the covered 
electrode was 3.96/2.52 1.57%. An electrode with a 
core rod containing 1.6% Ni (in view of the slight un 
certainty in coating ratio the second decimal place was 
dropped) would contain the same amount of nickel as 
the gross percentage in the covered electrode with 
nickel in the coating. The recovery of nickel de- 
creased as the manganese content of the coating in 
creased. The recovery for the majority of the coatings 
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was 40 to 50%, and was generally independent of nickel 
content and the other variables. E. W. P. Smith 
states (private communication, March 1938) that the 
recovery of nickel with a well-designed coating 1s 80 
to 90%; manganese does not lower the recovery. 

Using nickel steel electrodes with no nickel in the 
coating and the procedure described above, Losana 
and Jarach showed, Table 25, that the recovery of 


Table 25—Recovery of Nickel from Nickel Steel Electrodes 
with Nickel-Free Coating. Losana and Jdarach*! 


cov 
Electrode Coating Deposit ery 
C Ni Mn Si C Mn Si C Ni Mn % 


910.10 0.98 
68 0.19 0.90 
.02 0.11 0.99 
.70 0.23 0.92 


2.98 0.58 0.16 2.50 3.84 0.21 0.04 
0.13 2.98 0.58 0.16 2.42 10.62 0.86 0.11 
5.10 0.63 0.11 2. 3.72 0.18 0.05 
0.18 5.10 0.63 0.11 2.35 10.93 0.92 0.13 


bo bo 


nickel was 98 to 99% if the coating did not contain too 
much manganese. It is difficult to account for the 
unfavorable effect of manganese on the recovery of 
nickel. 

Possibly high manganese content accounts for the 
low recovery of nickel reported by Goodger,*' Table 26. 
A special flux coating was used (no details). Goodger 


Table 26—Recovery 


of Nickel from a Special Fluxed Elec- 


_trode. Goodger*' 
Be Mn Si Ni 
Electrode 0.18 0.5 0.140 fh) 
Weld 0.15 0.4 0.120 9 og( covery = ‘Vo 


was of the opinion that nickel in a coating tended to pre- 
vent oxidation. Warner® mentioned that on one occasion 
the addition of nickel and molybdenum (no details) 
to the coating of a covered electrode had no effect on 
arcing characteristics. 

The results in Table 27 were obtained by Weinman”™ 
in atomic hydrogen welding, single V welds. Globules 
from the filler rod had practically the same nickel 
content as the filler rod itself. The lower nickel con- 
tents in the welds unquestionably were due to dilution 
with low-nickel base metal. 


Table 27—Recovery of Nickel in Atomic Hydrogen Welding. 


einman?®® 
Filler Rod Plate Deposit 
Mn Ni Mn Ni Mn Ni 
0.46 0.61 3.41 0.23 0.60 3.38 
0.46 0.61 3.41 0.09 0.50 0.15 2.40 
0.46 0.61 3.41 0.35 (0.40 Mo) 2'/, 0.15 2.85 


PICK UP 


If filler rods containing very little or no nickel are 
deposited in nickel steel, the weld-metal usually picks 
up nickel by mixing with the base metal. The diffusion 
of nickel from a plate of nickel steel (6.3 x 4.7 x (0.79 
inch, 0.1 C, 0.2 Si, 0.4 Mn, 3.5 Ni) into a weld bead 
deposited on the surface by weaving the electrode 
slowly back and forth was studied by Haardt.? 4 
bare electrode (0.07 C, trace Si, 0.4 Mn, 0.03 P, 0.03 s) 
and a covered electrode (0.07 C, 0.01 Si, 0.4 Mn, 0.012 p. 
0.035 S) were used; both were 0.16 inch diameter. 
Single beads of the bare electrode contained 1.0 Nj at 
175 amps., 1.5 Ni at 155 amps. and 0.9 Ni at 110 amps. 
With covered electrodes the single bead contained 
1.75 Ni at 110, 155 or 175 amps. Double layers had 
less porosity and slag than single beads and were easier 
to analyze. Double beads of the bare and covered 
electrodes (155 amps.) contained 0.6 and 1.1 Ni, re- 
spectively. Obviously, the greater heat input of the 
covered electrode compared with bare resulted in the 
dilution of the weld-metal with a greater proportion of 
base metal. The second bead diluted the first nickel. 
rich bead so that the gross nickel content was low. 

Warner‘ found that weld-metal from plain carbon steel 
electrodes absorbs nickel from SAE 2335, '/4 inch 
thick. One layer, °/32-inch covered electrode with seal 
bead had an average nickel content of 2'/,-2'/s%. Two 
layers and seal bead with '/s-inch covered electrode 
contained 1*/, to 2% Ni; two layers and seal bead with 
'/s-inch bare electrode contained 1'/, to 1'/2% Ni 
The covered electrode weld-metal contained 0.16 C, 
0.45 Mn; the bare electrode deposit contained 0.06 C, 
0.35 Mn. The '/s-inch electrodes were deposited at 
110-170 amps., porosity increasing as current increased 
The °/3-inch electrode was deposited at 150 amps. 
In single pass fillet welds on '/,-inch plate (SAE 2335) 
a bare electrode weld contained 0.9-1.25 Ni, a covered 
electrode bead contained 1.25-1.75 Ni. Warner found 
that the nickel content of a butt weld made in SAE 
2335, '/2 inch thick, varied from 2% at the bottom of 
the weld to 1% at the top. The carbon content was 
0.13% and varied slightly in different parts of the weld. 

Single V butt welds in '/,4-inch nickel steel (0.32 C, 
0.50 Mn, 0.15 Si, 3.5 Ni) made with covered electrodes 
(0.16 C, 0.43 Mn, 0.10 Si, */:6 and 5/3.-inch diameter) 
in one or two layers with or without seal bead contained 
on the average 0.15 C, 0.45 Mn, 0.11 Si, 2.15 Ni, ac- 
cording to Warner.** The nickel pick up appeared to 
increase as the width of the weld increased. The 
manganese content decreased as the width of the weld 
increased. The carbon content was fairly constant 
despite wide variations in procedure. In fillet welds in 
SAE 2335, '/, inch thick made with bare low-carbon 
unalloyed electrodes, Warner® found 0.05 C, 0.20-0.30 
Mn, 0.025 Si, 1 to 1'/s Ni. With and !/,-inch 
covered low-carbon electrodes the fillet weld contained 
0.10-0.15 C, 0.45-0.50 Mn, 0.15 Si, 11/2 to 2 Ni. The 
tensile impact value of the fillet weld increased as the 
nickel content increased. 


Table 28—Nickel Pick Up in Three-Layer Covered Electrode Butt Welds. Warner® 


Electrode __ Carbon Content of Layer Nickel Content of Layer Average Content of Layer 

 & Ni 1 2 3 1 2 3 Mn Si 
0.04 2 0.12 0.13 0.08-0.09 2.98 2.88 2.36-2.70 0.45 0.24 
0.14 31/2 0.13 0.14 0.10-0.12 3.04 3.32 3.3/7-3.72 0.52—0.58 0.30 
0.08 (1/4 Mo) 0.12 0.13 0.10 1.01 59 0.77-0.89 0.51 3 
0.14 (1/4 Mo) 0.15 0.16 0.08-0.09 1.89 0.81-1.45 0. 27-0.41 0.138 
0.15-0.18 0.17 0.17 0.10 1.69 1.59 1.07 0.42-0.50 0.16 
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Table 29—Mechanical Properties of Flash and Resistance Butt Welds. Galibourg and Ballay" 


Flash Welds 


Static Tensile Impact Tensile 


Brinell Elastic Tensile Elonga Redux Impact Elonga 
Hard- Limit, Strength, tion, % tion of work, tion, % 
Steel Composition Treatment After Welding ness Lb./In.? Lb./In.2 in 4 In Area, % Ft.-Lb in 4 In 
A 0.10 C Heated to 900° C, furnace cooled 110 36,300 53,200 32.7 74 18 19.5 
Water-quenched from 900° C. 165 58,400 73,000 7.8 78 6 27.6 
Water-quenched from 850° C., then 
B about 0.30C water-quenched from 600° C 270 104,000 119,500 9.4 51 36 14.5 
Heated to 850° C., furnace-cooled. 180 51,800 81,500 IS 14 53 28 
Cc 0.10C, 2 Ni Water-quenched from 900° C. 208 64,700 91,500 16.0 72 14 15.8 
Heated to 900° C., furnace-cooled 132 49,000 63,800 33.3 68 45 19.£ 
D 0.10C,3 Ni Heated to 850° C., furnace-cooled 154 54,500 69,000 31.3 70.5 51 23 
Water-quenched from 850° C 275 84,500 104,000 9.7 73 48 14 
E 0.10C,5 Ni  Water-quenched from 850° C. 305 143,000 146,000 1.5° 60 45 9,3 
Heated to 850° C., furnace-cooled 156 57,500 70,300 24.3 iy te 14 
fracture outside grips. 
Resistance Butt Welds 
Static Tensile Impact Tensil 
Elastic Tensile Elonga- Reduc Impact Elonga Number 
Limit, Strength, tion, % tion of Work, tion, % in of 
Lb./In.? Lb./In.? in 4 Inches Area, % Ft.-Lb 1.4 Inches Pests 
40,800 55,000 32.3 74 42 25 l 
58,300 72,000 23.2 62 43 18.5 9 
106,000 113,000 5.9 24 27 11.5 l 
50,200 80,200 11.1 16 37 22 2 
65,500 83,700 4.9 4.5 28 11.5 l 
48,000 64,000 19.5 16 40 5 9 
55,000 65,400 15.3 10 12-43 8-2] 2 
81,700 105,000 3.5 3 28 7.6 2 
126,000 126,000 0.4 0 9 2.8 l 
58,100 61,000 6.2 7 ) 


Nickel pick up in the separate layers of 3-layer V 
butt welds in nickel steel (0.30—0.40 C, 3'/2 Ni) '/» inch 
thick made with */;, and °/s5 inch commercial covered 
electrodes is shown in Table 28, due to Warner.® The 
first and second layers generally contained more nickel 
than the top layer. 

According to Jennings,'! welds in 3'/2% Ni steel (0.15— 
0.40 C) made with bare electrodes pick up 0.9-1.25% 
Ni from base metal (no details). Brady** found 0.10 C, 
0.83 Ni in the center of a 60° V butt weld in a 3'/.% 
nickel steel plate 1 inch thick welded with a shielded 
arc unalloyed electrode '/, inch diameter. In !/¢- 
inch plate the weld contained 2% Ni over 0.14 C (no 
details about number of layers). 

Allin all, the nickel pick up is proportional to the weld 
ing heat and to the amount of base metal with which a 
weld bead comes in contact. Available information 
shows that welds in 3'/,% nickel steel made with un- 
alloyed electrodes may contain about 1% Ni with bare 
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electrodes and 2% Ni with covered electrodes. 


RESISTANCE WELDING 


The flash and resistance butt welding of nickel steels 
(for chains) has been investigated by Galibourg and 
Ballay,** whose results are summarized in Table 29. 
Bars 0.63 inch diameter were welded on a 30 kva. 
machine with secondary voltage of 3.5 volts for re 
sistance butt and 6.25 volts for flash welds. The power 
was 17.6 kva. for the resistance butt welds. All speci 
mens were cooled in air after welding and were ma 
chined after heat treatment. The static tension speci 
men was 0.39 inch diameter; the impact tension speci- 
men was 0.18 inch’ diameter, 1.5 inches length of 
parallel section. The fillets were 0.04 inch diameter in 
the impact tension specimens. 

The flash welds in the nickel steels had satisfactory 
Strength and ductility in both static and impact tests 
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after heat treatment. No tests were reported on as 
welded specimens. A narrow band was found in the 
center of the weld in steel which was rich in ferrite 
and was surrounded by the usual heat affected zone 
Most of the resistance butt welds contained a row of 
small cavities on either side of the center of the weld. 
These cavities probably account for the relatively poor 
mechanical properties of the resistance butt-welded 
nickel steels. Difficulty with cracking was experienced 
(no details). Galibourg and Ballay believed it possible 
that normalizing after welding would be beneficial 

In 1899 Browne™ reported tensile tests on resistance 
butt-welded steels, Table 30, which showed that the 
welds were reasonably strong but lacking in ductility. 
Burgess and Aston™ had no trouble resistance butt 
welding nickel steels unless the nickel content was 18 


to 35% (no details) 


Table 30—Tensile Tests of Resistance Butt-Welded Nickel 


Steels. Browne’ (1899) 

Percentage 

Loss of 

Tensile Strength, Reduction of Strength 

Steel Lb./In.? Area, % Caused by 

Cc Ni Unwelded Welded Unwelded Welded Welding 
0.16 3.385 97,820 87,500 a6 1.5 10.5 
0. 46 3.10 135,550 114.61 28.4 15.4 
0.51 4.93 115,730 104,051 6.4 2.9 10.0 


Large flash welded sections of steel (0.45% C, 1% Ni, 
18.7 sq. in.) examined by Blomberg™ exhibited burnt 
grain boundaries in the zone of highest temperature 
The welds cracked under low loads. Since the base 
metal contained an unusual number of slag inclusions, 
Blomberg concluded that, in some way the inclusions 
were responsible for the poor welds. Otto*™ success 
fully flash welded iron to nickel and to an alloy contain 
ing 50 Ni, 35 Fe, 15 Cr. 

An investigation of the spot welding of structural 
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3'/e% nickel steel, '/, inch thick led Quinn” to the con- 
clusion that spot welding cannot be recommended. 
Wide ranges of energy, time and pressure were in- 
volved. The mechanical properties were not consistent, 
shrinkage cracking was bad, the welds were porous 
and the hardness was excessive (500 Brinell). Unfortu- 
nately, Quinn omitted to mention the carbon content. 
Theisinger® reported hardnesses up to 500-550 Brinell 
in spot welds (27 to 80 cycles) in 3'/2% nickel steel, '/, 
inch thick (carbon content not stated). No comparisons 
were made with plain carbon steels under equally severe 
welding conditions. 


FLAME CUTTING 


The SAE nickel steels® of the 2000 series can be 
flame cut cold unless the carbon is above 0.30—-0.35%, 
in which case preheat to 260-315° C. (500-600° F.). 
If the carbon content is above 0.50, preheat to 260- 
315° C., and anneal at 790-S20° C. (1450-1500° F.) 
after cutting. Sometimes annealing need not be done 
if the cut parts are slowly cooled from the preheat and 
promptly machined. Much depends on the size and 
shape of the parts and on the service for which they are 
intended. Wiss**® had no difficulty in oxyacetylene 
flame cutting steels with up to 7% Ni, e.g., 0.4 C, 5 Ni, 
but with 34% Ni there was great difficulty if the carbon 
content exceeded 0.5%, e.g., 34 Ni, 0.7 C. 

In support of his belief that the hardness of flame 
cut surfaces of alloy steels is generally no greater than 
that of similar surfaces of unalloyed steel of the same 
carbon content, Wiss showed that oxyacetylene cuts in 
steels containing 0.12 C, 3.7 Ni (174 Brinell) and 0.28 C, 
3.2 Ni (207 Brinell) were 270 and 375 Brinell, respec- 
tively. The annealed cuts were 217 and 255 Brinell, 
respectively. 

In the Bureau of Standards investigation®! of cutting 
torches it was found that some torches could not be 
made to cut a cast steel billet 10 inches thick containing 
0.38 C, 1.21-1.28 Mn, 0.25-0.28 Si, 0.96 Cu, 2.62-2.70 
Ni, <0.01 Cr. Difficulty was attributed to thickness 
rather than to composition. The oxyhydrogen torch 
made smoother cuts than the oxyacetylene. 


The International Acetylene Association’ found that 
hand and machine flame cut surfaces in steel */s to 1'/, 
inches thick containing 0.18 C, 0.43 Mn, 2.44 Ni had 
36 to 68% elongation in free-bend test. There were no 
serious cracks but some hardening on the torch side. 
The depth of altered structure was 0.05 inch. 

In 1914 Plieninger*? had no trouble oxyacetylene 
cutting steel containing 22.25% nickel, 1.6 inches thick 
(99% purity oxygen). The cut edge was steel gray in 
color and was martensitic. The depth of the heat 
affected zone being 0.11 inch. A layer of pure nickel 
0.004 inch was found at the very edge. Filings from 
this layer analyzed 48.9% Ni. Nickel steels are not 
difficult to cut, a French writer** found, but the nickel is 
not completely oxidized and forms a hard crust on the 
lower face of the plate along the line of the cut. The 
hard layer may be softened by passing the torch over 
the reverse side of the plate after cutting. The oxygen 
pressure should be 60 lb./in.* for nickel steels 1'/, to 
15/s inches thick. Nickel steels up to 33% Ni are not 
difficult to cut, according to de Jessey ;** the heat affected 
zone is small (only 0.006—0.008 inch deep, no details). 

On the contrary, Holler and Schneider® found that 
the heat affected zone revealed in the microstructure 
was 3 to 10 times deeper in nickel steels (1 to 5% Ni, 
0.1-0.3 C) than in plain-carbon steels of the same car- 


bon content. The affected zone was 0.04-0.06 inch 
deep in 0.20-inch nickel steel (no details) at a cutting 
speed of 16'/2 inches per minute, and was 0.20-(.39 
inch deep in 10-inch plate at a speed of 1.2 inches per 
minute. 

Lacroix” used an oxyacetylene torch to cut a meteor 
containing 91.13 Fe, 8.39 Ni, 0.38 Co, 0.23 P, 0.07 Mn. 
0.06 C, 0.01 S. The slag consisted entirely of Fe,0,. 
The maximum hardness in the vicinity of a cut in struc. 
tural nickel steel plate '/, inch thick (no details byt 
unaffected steel was 200 Brinell), according to Rose! 
was 258 Brinell using an oxygen-city gas torch at a 
speed of 15 inches per minute. There was practically 
no difference in hardness between top and bottom sur- 
faces. The heat affected zone was about '/, inch 
deep. The oxyacetylene cutting torch has been suc- 
cessful in removing surface defects (de-seaming) 3!/,% 
nickel steel slabs.'”* 

The conditions in flame cutting are similar to those 
prevailing in flame hardening, with respect to depth of 
heat affected zone, but not with respect to cooling 
velocity. It is well known” that nickel steels of the SAE 
2340 class can be flame hardened to 512 Brinell without 
difficulty, the depth of the hardened zone being slightly 
greater in nickel steels than in plain carbon steels be- 
cause the nickel steels have a lower critical range and 
are deeper hardening than the unalloyed steel. 


WELDING HIGH NICKEL-IRON ALLOYS 


The oxyacetylene welding of iron containing up to 
20% Ni is easy, according to Granjon and Rosemberg.” 
Gas absorption is prevented by a flux of glass or sodium 
silicate. The filler rod should have the same composi 
tion as base metal. Above 30% Ni gas absorption is 
difficult to avoid, and the welds always have blow-holes. 
Rapatz” limits the nickel content to 10% (0.15 C) 
for good oxyacetylene welding. Between 10 and 20% 
Ni the welds are martensitic (too hard, over 400 Brinell). 
Beyond 20% Ni the welds are austenitic (less than 400 
Brinell). Hatfield stated that 25% Ni steels weld 
better than 14% Mn steel but coarsening of the struc- 
ture is likely. Burgess and Aston" were successful 
in forge welding steels containing 18 to 35% Ni but had 
little success in resistance butt welding them. On the 
other hand, Hadfield®* in 1898 found that a steel con- 
taining 0.14 C, 0.86 Mn, 29.07 Ni fell to pieces in the 
forge and would not weld. Browne (1899) also had 
great difficulty in forge welding high-nickel steels, 
but “‘split welded’ 18% Ni steel to mild steel. Table 
salt mixed with borax is a good flux for oxyacetylene 
welding Permalloy (39-81 Ni, 61-19 Fe), according to 
Swangren.'” Heat resisting exhaust manifold cast- 
ing'®' (high-nickel content) are oxyacetylene welded with 
a rod containing 20% Ni (no details) after being pre- 
heated to a cherry red. Field’ states that sheet con- 
taining 60 Ni, 20 Fe, 20 Mo is easily oxyacetylene 
welded with flux and a rod made from the base metal. 
The weld had the same acid resistance as unwelded 
sheet. Shrinkage stresses due to welding may cause 
service cracks in turbine blades of 25% Ni steel and 
less easily in 18% Ni steel, according to Houdremont.'” 

The welding of mild steel with austenitic nickel steel 
electrodes has been studied micrographically by Rapatz 
and Hummitzsch.'“ In a weld containing 0.12 C, 
28 Ni, 3.0 Cr the martensitic fusion zone is ductile 
even if the plain carbon steel contains 0.7% C. Only 
if base metal contained 1% C or more did the bend 
angle of the weld decrease. The breadth of the marten- 
sitic zone (300-400 Brinell) increased as the heat input 
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of the welding process and the carbon content of the 
hase metal were increased. Intergranular penetration 
ef the austenitic weld-metal occurred in the higher 
carbon steel (relatively low melting point) but not in the 
low-carbon steel. The austenite that penetrated the 
grain boundaries became martensitic only just at the 
plane of contact of the weld-metal with base metal. 
Tf: carbon nickel steel weld-metal (1.00 C, 16.5 Ni, 

2 Cr) produced a ductile joint in heat treated Cr-Mo 
il The addition of chromium or molybdenum to the 
nickel steel electrode was necessary to avoid porosity 
and poor penetration. 
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SUGGESTED RESEARCH PROBLEMS 


1. Resistance welding nickel steels of any nickel con 
tent and thickness. Research on feasibility, properties 
and treatment of welds is needed. 

2. Properties of welds made with high-nickel steel 
rods, e.g. 25% Ni. 

3. Gases absorbed in welds as a function of nickel 
content. 

4. What is the composition of the slag in flame cutting 
nickel steels? What is the composition and structure 
of the flame-cut edge? 

5. What properties may be expected of brazed 
Monel welded joints in nickel steels? 

6. Metallographic study of different types of welds in 
3'/e% Ni steel as a function of carbon content and leat 
treatment. 

7. The effect of nickel in steel on shrinkage stresses in 
welding. 

8. Has nickel in the coating a different influence (if 
any) on are characteristics from nickel in the core rod? 
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REGULATIONS AND SPECIFICATIONS 


By E. P. S. GARDNER 


tor Welded Steelwork 


A Comparative Analysis of Regulations and Standard Specifications 
for Welded Constructional Steelwork Issued in Various Countries 


EGULATIONS and _ standard specifications for 
welded constructional steelwork and bridges have 
now been issued in many countries and in view of 

the fact that presumably in each case they have been 
drawn up by a committee of leading authorities on the 
subject in the country of origin the author feels that 
there is much to be gained in analyzing and comparing 
them. Such a comparison may provide useful data for 
consideration in the drafting of new, or the revision of 
existing, regulations and specifications. Furthermore, 
although differences of opinion are bound to be por- 
trayed in the requirements of various authorities, any 
significant variations on important subjects, of which it 
will be shown there are several, would appear to call for 
further investigation to settle the points at issue. 

The author has, with this object in view, classified the 
main points of practical interest concerning details of 
design and construction covered in most regulations and 
specifications and has analysed those issued by the 
following authorities, the various requirements in each 
case being compared and commented upon. 


Year of 
Issue 
1. British Standards Institution’... . 1934 
2. Australian Standards Association’. . 1933 
3. Indian Government Railway Dept.’......... 1936 
AMERICAN WELDING SOCIETY: 
4. Buildings (S)*.... 1934 


5. Highway and Railway Bridges 1936 
German Industrial Standards: 


6. Buildings (S) DIN 4100°.... 1934 
‘3 Highway Bridges (H.B.) DIN 4101’... 1937 
8. Railway Plate Girder Bridges (R.B.)® 1935 
9. Polish Government Regulations’... . 1935 
10. - Swiss Government Regulations’ 1935 
11. Italian Government Regulations!!! 1936 


The German regulations for highway and railway 
bridges have been considered only in connection with 
permissible working stresses. The detail requirements 
of DIN 4101 for highway bridges are similar in most 
respects to DIN 4100 for buildings. 

The year in which each regulation and specification 
was issued has been given above and in the tables to 
provide an indication of development in ideas. There 
is little doubt that the welding of constructional steel- 
work and bridges has been adopted more widely in 
Australia than in most other countries and the practical 
application of the Australian Standards Association 
Code (1933) requirements have been, therefore, well 
tested. The draft revision of the Code issued by the As- 


* Paper presented for discussion at a Joint Meeting of the Institution of 
Structural Engineers and the Institute of Welding at the Institution of Civil 
Engineers, Great George Street, Westminster, S.W.1, on Thursday, February 
24, 1938. Reprinted with permission of the Institution of Structural Engi- 
neers. A contribution to the Literature Division, Welding Research Com- 
mittee. British Ton = 2240 Lbs 

B.Se., M.I.Struct.E., A.M Inst.C.E., A.M.I.Mech.E. 


sociation last September for “public critical review’ js 
therefore of particular interest and its requirements have 
been included for this reason. The draft revision is 
referred to in the foregoing as the Australian (D.R.) 
Code. Reference has also be made to the Institution's 
“Report on the Treatment of Welded Structures by the 
Metallic Are Process’’ (1935). ; 

One of the chief problems in the preparation of an 
analysis of this character is the choice of a suitable 
framework within which to present the matter in suitable 
form for easy reference and with some sense of logical 
sequence. The order chosen by the author is not, of 
course, meant to imply any degree of relative importance. 
The various subjects dealt with have been classified under 
the following principal headings. 


A. Butt-Welded Connections 

B. Fillet-Welded Connections 

C. Slot-Welded Connections 

D. General Details of Design and Construction 
E. Electrodes and Welding Procedure 

F. Permissible Stresses 


The regulations and specifications considered relate 
to either structural steelwork or bridges, or both; 
nevertheless, the author contends that the points dealt 
with are subject to direct comparison except perhaps in 
regard to permissible stresses concerning which special 
differentiation has been made. 


A. BUTT-WELDED CONNECTIONS 


1. Designation of Size 

The size of a butt-welded joint is always designated 
either by thickness or cross-sectional dimensions of the 
thinner or smaller of the members connected. 


2. Preparation of Members Connected 


One of the most important points to be appreciated 
in considering the assembly and preparation of members 
to be butt-welded is that the most desirable form of bevel 
and “‘gap’’ that will permit the operator to avoid with 
reasonable ease such faults as lack of root penetration 
and fusion, and slag inclusions is very largely dependent 
on the welding characteristics of the electrode employed 
Many types of electrodes with widely varying welding 
characteristics qualify as suitable for application in 
welding bridges and structural steelwork. 

General regulations and specifications can only stipu 
late the limiting forms of preparation and ‘‘gaps’’ that 
should prove suitable for all types of electrodes that ma) 
be approved. The fact that with alternative forms o! 
preparation sound joints may be made with certaii 
electrodes resulting in such advantages as greater 
economy, etc., is not, therefore, valid argument for their 
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inclusion as is often suggested without suitable amend- 
ment to the electrode test qualifications. Several cases 
in point will be noted in the foregoing. 

The first factors to be considered in the preparation of 
members for butt-welding are: 

(a) The maximum thickness that may be butt- 
welded without preparation. 


FIG | FiGe 


(b) The included angle of straight or flat bevel re- 
quired. (Fig. 1.) 


(a) (b) 
3/16 in. 70° 
70° 
5 mm. 60° 
4 mm. 60-80 ° 


* If angle of bevel is less than 60° the permissible working stress must be 
reduced by 25 per cent. 


In the first place it is interesting to note the general 
agreement on the maximum thickness of member or 
material that may be butt-welded without preparation, 
especially in view of the marked tendency to butt weld 
greater thicknesses (up to '/2 inch and sometimes over) 
without preparation, in commercial production welding 
and in some shipyards for bulkhead and deck plating, 
chiefly in order to reduce costs. It is claimed that the 
latter practice produces sound work, but no one is likely 
to contend that it is suitable for any but a very few 
“approved” electrodes. The term ‘‘approved electrodes”’ 
here refers to all electrodes that qualify for application 
according to the requirements listed in Table 1. The 
American (S) specifications provide a qualified exception 
by stating that the edges of base metal parts exceeding 
'/, inch in thickness need not be bevelled—‘‘if the weld 
is to transmit only compressive stress and if the space 
between the parts be made wide enough to permit sound 
welding and if the opening be backed by a base metal 
part or by sheet metal on the side further from the weld- 
ing operator.”’ It is inferred that such conditions do 
not provide a joint equal in soundness to that obtained 
with bevelled base metal parts. Nevertheless, it is con- 
sidered, presumably, that such imperfections as may 
arise under such conditions are not likely to affect ma- 
terially the strength of the joint in compression. 

There is also general agreement on the ‘included 


roa erable for thicknesses exceeding 2 inches. 
For butt joints between members only one of which 
can be prepared (see Fig. 7) all regulations that deal 
+ with the subject require that the prepared member shall 
be bevelled to an angle of 45° and that the ‘‘gap’’ shall 
be increased. In view of the fact that an exception is 
thus provided to the required minimum angle of straight 
rG 5 bevel of 60° to 70° a reduction in permissible working 
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angle of bevel,’’ but it would appear advisable to include 
an upper limit as required in Poland and Italy. 

There is very little variation in the limiting values re 
quired for the “root face’’ and ‘“‘gap” (Fig. 1), at the 
same time there is a definite tendency to drop the former 
altogether for both single- and double-V welds. Neither 
the Australian nor the American (B) specifications indi 
cate that a “‘root face’ should be used on double-V welds. 
The German and Italian regulations permit a range in 
root face values from 0to3 mm. _ In regard to the ‘“‘gap’’ 
the latter state that it “should be fixed in relation to 
the diameter or to the characteristics of the electrode 
used in such manner as to allow perfect penetration of 
the deposited metal,’’ thus allowing reasonable latitude 
in this respect. 

The Australian (D.R.) Code has included the require 
ment that the first run applied in a butt weld shall not 
be deposited with a larger gage electrode than a No. 8, 
together with an additional point of interest in welding 
procedure that, ‘‘for subsequent runs the electrode shall 
not be increased by more than two electrode sizes be- 
tween consecutive runs.” 

Under certain circumstances, such as the site jointing 
of plate girder flanges, it is desirable to weld from one 
side of the joint only apart, of course, from the “‘back or 
root run.”” (See Sect. A.5.) 


’ 


ce 


There is a limit to the thickness of the member be- 
yond which the use of the single-V straight bevel butt 
weld is highly undesirable both on the score of unbalanced 
contractional stress and cost, and it is surprising, there- 
fore, to find that few regulations or specifications allow 
for the adoption of the alternative forms of preparation in 
common use. 

Two exceptions are provided by the Italian and 
German (S) regulations. The modified ‘“U’’ preparation 
required by the former for thicknesses of 20 mm. and 
over is shown in Fig. 2. A similar type of preparation 
is shown in the German (S) regulations. 

If the form of bevel indicated in Fig. 3 is employed 
it is advisable to specify values for the angle of slope 
“a’’ and for the root radius ‘“‘r,”’ suitable values being 
10-20" and inch to '/, inch, respectively. Atten- 
tion has also been given to this point in the Australian 
(D.R.) Code which states that for plates of 1 in. thick- 
ness and over single or double ‘‘U’’ butt welds of the 
type indicated in Figs. 5 and 6 may be used. 

In Germany solid web girder flange plates up to 3'/, 
inches thick have been used and for thicknesses of this 
order the double modified ‘‘U”’ preparation shown in 
Figs. 4, 5 and 6 should be allowed, in fact, preferred. 
The Australian (D.R.) Code states that the double-V 
or U joint is to be preferred for plates above '/: inch 


up to 2 inches in thickness and that the latter is pref- 
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stress is sometimes required, as in the Italian regulations, 
of 25 per cent. 

The single ‘‘J’’ preparation (Fig. 8) indicated by a 
diagram in the Indian regulations provides better facility 
for the operator to obtain sound root penetration, and 
although it is not suggested that this form of preparation 
should be specified, there is reason to propose that it 
should be cited as the preferable alternative. 


3. Reinforcement of Butt Welds 


Required Reinforcement 


BSS... 10% of throat 
India 10% of throat 
ee 10% of throat 


Australia (D.R.)..... 10% of throat 
Permissible working stress may be increased if welds are 
ground flush (see Sect. F.1). 
Italy . 20% of throat 
1/16 in. up to 1 in. 
1/, in.—'/, in. over 
20° (Single V) 
25° (Double V) 
No reinforcement as far as possible 
An addition to the normal permissible 
stress is allowed for joints carrying 
reversals or fluctuations of stress if 
the reinforcement is ground smooth. 
(See Sect. F. 3a.) 


A. 


Switzerland. . 
Germany (R.B.). 


It might be thought that there should be some measure 
of agreement on the simple matter of butt-weld rein- 
forcements, but such does not appear to be the case. 
Fatigue tests on butt-welded joints have indicated the 


desirability of reducing the reinforcement to a minimum 
and of a smooth profile. 


4. Flush Butt Welds 


In certain circumstances it is necessary to grind 
butt-weld surfaces flush owing to the space restriction 
imposed by adjoining members, as, for instance, in the 
splicing of the main plate of a multi-flange plate built-up 
girder. 

Neither the British nor the Indian specifications re- 
quire a reduction in permissible working stress for such 
“flush butt joints” although it is specified that the 
normal reinforcement must be applied and ground off. 


The Australian specification requires a reduction in work- 
ing stress of 10 per cent. At the same time it is interest 
ing to note that the Australian (D.R.) Code has not 
only dropped this requirement but permits an increase 
in permissible working stresses if the weld is ground flush, 
together with certain other qualifications. (See Sect. 
F.I.) 


5. Back or Root Runs 


In applying the first run of a single-V butt weld, there 
is sometimes a liability for lack of fusion or penetration 
to occur as indicated in Fig. 9. Such faults provide 
transverse notches in the connection which may propa 
gate cracks under load, a condition that is aggravated 


TABLE No. 1 


anp Joint Quauirication Tests. on equccalent tons and inches.) 


Australia (D.R.) | 


1936. | 1936. | 1934. | 1935. | 1935. | 1934. 


Itely, | U-S-A- | U.S.A. 
| Bridges. ; Buildgs. 


jerm ny 
Buildys. 


Poland. Switzid. 


22.0 26.7 | 268 


13.3 
20 
10 22 17 
8 5 4 
2 2 


220 | 26.7 26.8 24.1 23.5 22.8 23.5 


20 | 12 | 2 


1934. 1933. 1937 
Type of Test. Units Great Australia. 
nes: | Britain. | Structl. | Ordiny. | Structl. | Ordiny. : 
All Weld Metal | | 
Specimen. 
Ultimate Stress ... © Tons/sq.in. 28.0 , 28.0 | 22.0 28.0 
Keduction Area 35 
Elongation % 20 16 
Gauge Length Diameters 3.54 | 8 
Ins 1.5 | 
Hutt Welds 
Tensile | Equal 
Ultimate Stress Tons /sq. in. 28.0 28.0 22.0 Parent 
Bend. Metal. 
Angle Degrees. 90 - 
Elongation % 257 12" 30 } 7 B20 16 
Gauge length Ins. H Plate Plate | Plate | Weld C16 12 
Thick- | Thick- | Thick- | Width | 
ness | ness ness | | 
Fillet Welds 
Side Fillets. | | 
All Sizes | Tons/sq.in.| 180 224 | 178 | 230 | 160 | 20.4 
Size 6 mm. | a | | 21.2 | 
8 mim. 17.0 
10 mm. | 16.4 
12 mm. | 17.3 
16 mm. | | 16.7 13.6 
End Fillets | 
All Sizes be tee 27.0 283 | 219 | 300 | 210 , 165 | 223 | 286 | 
Size 6 mm. am } | 242 
10 mm. 18.2 
16 mm. | 15.9 
Cruciform. } | 20.4 16.5 
Spec. Gravity j 7.80 7.75 | 
Impact. 
I 4 Ft.lb. | 30 | 3 | 2 35 25 
Mesnager | Kg.mjem.? | 7.0 
Note 


See text (Sect. E.) 
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(*) Equivalent fillet weld throat stresses based on assumption that profile is mitre (i.e.,¢ = 0.7/). 
(*) Measured on weld metal reinforcement on a plate (3 ins. x j in.) 
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Fig. 11 (°*}—Billingham Beck Bridge, Near Middlesbrough. (Engineers: Messrs. Mott, Hay and Anderson.) 
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Fig. 12—Edge Covers Used on Flange Butt Splices of Billingham Bridge Frames 


by the fact that subsequent runs of weld-metal on cooling 
induce a tensile stress in the root across such notches so 
that the members joined will distort if unrestrained, as 
indicated by the broken lines in Fig. 9. 

It is very desirable, therefore, to apply an extra run 
on the back and all regulations require this procedure to 
be followed. Those that legislate for possible circum- 
stances under which such a procedure cannot be followed 
(i.e., British Standards, Australia and India) demand a 
reduction of 50 per cent in the working stress. The 
American and Swiss specifications go further in requir- 
ing the root of the weld to be chipped out, rewelded and 
reinforced. 


6. “Backed Up” Butt Welds 


In the case of the “backed up”’ butt joint the under- 
side of the first run cannot, of course, be cut out and 
rewelded but the faults shown in Fig. 9 may be avoided 
by bevelling the members joined to a sharp edge and 


leaving them wide apart to ensure proper penetration 
and fusion as shown in Fig. 10. This procedure is out- 
lined and required in the British, Australian, Indian and 
American (B) specifications, the latter only requiring 
a reduction of 15 per cent in the permissible tensile work 
ing stress under such circumstances. 


7. “‘Tied’’ Butt Welds 

All specifications require that one of the members 
connected by a butt weld shall be free to move but they 
do not penalize the ‘‘tied”’ butt joint in which the mem 
bers joined are restrained except in the American (B) 
specifications which require a reduction in working stress 
of 15 per cent, which presumably is quite an arbitrary 
figure as the degree of restraint obtained may vary con 
siderably under practicah conditions. The Australian 
specification and the Austrian (D.R.) Code require that 
electrodes of ‘Structural’ Grade only (see Table |) shall 
be used for welding ‘‘tied”’ butt joints. 


8. Ends or Edges of Butt-Welded Joints 

It is well known to the operator that the liability 
for faults to occur is much greater at the start and finish 
of the run of weld-metal than in the length of run be- 
tween, and for this reason the ends or edges of butt welds 
require special attention or protection. It was partly, 
at least, for this reason that the main girder flange 
splices of the all-welded highway bridge erected near 
Middlesbrough (see Fig. 11) were reinforced at their 
ends with edge covers of the type detailed in Fig. 12 and 
illustrated in Fig. 13. 

It is also for this reason that it is common practice in 
most countries to extend butt welds on temporary bars 
tack-welded to the members joined as illustrated in 
Fig. 14. Subsequently these bars and the extended 
welds are cut away thus eliminating the ragged ends 
produced by the start and finish of individual runs of 
weld-metal. 

This procedure is definitely required in the American 


Fig. 13 (*°}—Broken Butt-Welded Test Specimen with Edge Covers as Detailed in Fig. 12 Fitted. Sectional Dimensions of Plate 12 Inches x 2 Inches. 
Breaking Load 688 Tons. Maximum Stress 28.7 Tons per Square Inch 
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(B) specifications with the added proviso that the edge 
or end of the weld must be “‘ground to dimensions of 
plates joined, or the ends of the welds shall be chipped 
down to solid metal and side welds applied to fill out 
ends to same reinforcement as tops of welds.’’ It would 
appear desirable for practical reasons to specify a mini- 
mum thickness below which such precautions need not 
be taken although so far this has not been stated. The 
author suggests */, inch. 

The Australian specification requires that the “end 
faces of butt welds in plates or sections shall be rein- 
forced with cross runs of weld-metal deposited at right 
angles to the runs in the butt weld and of a length not 
less than twice the width of the top of the V.”’ (See 
Fig. 15.) The Australian (D.R.) Code has retained this 
requirement and furthermore offers the alternative use 
of tapered edge straps of the type shown in Figs. 12 and 
13. It adds that they may be regarded as extra sec- 
tional area and must be connected by fillet welds at 
each end capable of developing twice their strength. 


Fig. 14 ('*}—Butt Weld with Temporary Bars Tacked On to Its Edge to Enable 
the Start and Finish of Each > be — Of the Joint. (See 


9. Butt-Welded Joints Between Members of Different 
Thickness 


In butt jointing plates of different thickness it is 
desirable that any pronounced sudden change in section 
should be avoided and for this reason most specifications 
require either that “‘the thicker section shall be bevelled 
off so that the surface from one section to the other shall 
have a taper of not more than | in 5,’’ or that “the thicker 
section shall be bevelled to a slope of not more than 1 in 
5—if the difference in thickness is equal to, or exceeds, 
'/,inch.”” (See Fig. 16.) 

The American (B) specification requires that the 
thicker plate shall be thus tapered if it is 25 per cent 
thicker than the thinner plate or if the difference in 
thickness is equal to, or greater than, '/, inch. They 
add that if the thicker plate is not bevelled the weld sur- 
face shall have a slope of 1 in 5. 


10. Intermittent Butt Welds 


The use of intermittent butt welds for connections 
carrying calculable stress is specifically prohibited in 
most regulations and _ specifications. However, the 
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Australian (D.R.) Code permits them for joints not ‘“‘sub- 
ject to fatigue,’’ provided the permissible working 
stresses are reduced by 50 per cent and due allowance js 
made for “starting and stopping of welds.” 


B. FILLET-WELDED CONNECTIONS 


1. Designation of Size 

Most countries designate the ‘‘size’’ of fillet welds by 
their ‘‘leg lengths.”” One exception is provided however 
by the Indian specifications which states that “‘the size 
of fillet welds shall be specified by their ‘throat thick- 
ness.’’’ (See Fig. 17.) Another exception, the Italian 
regulations, determine the fillet size by a ‘nominal’ 
throat thickness equal to the height of the isosceles 
triangle, the sides of which are formed by the fillet legs, 
that is, dimension ‘‘a”’ in Fig. 19, which is equal to 0.707 
times the actual leg length. In other words the leg 
length is the determining dimension and might be speci- 
fied in the first place with greater clearness, as in other 
specifications. Both dimensions, leg length and throat 
thickness, may be checked and controlled with gages in 
practice with equal facility but it would appear highly 
desirable to establish universal standardization of pro- 
cedure in the matter and for this reason alone the “‘leg 
length’ dimension may be preferred as representing 
more common practice. 


2. Profiles of Fillet Welds (Equal Leg Length) 

In determining the required profiles of normal fillet 
welds of equal leg length it is usual to specify the mini- 
mum ratio of the throat thickness (¢) to the leg length (/). 


Working Stress 


Profile Based on 
t >0.7071 0.7071 
t >0.71 0.71 
Slightly convex 0.71 
Quadrant * 0.7071 
t 50.71 (nominal) 0.71 
U.S. A. (B &S)...... t >0.71 (nominal) 0.71 
Australia......... ... (nominal) 0.7 
1, (actual) -8h (nominal) See 
Australia (D.R.)...... t >0.7h (nominal) t Fig. 18. 


(actual) (nominal) 


* Concave fillets permitted if desired for purpose of easy stress transmission 
t Permissible working strengths given as multiple of the leg length in tons 
per linear inch. 


It will be noted that there are two distinct types of 
specification affecting the control of fillet size and profile. 
The British, Polish and Swiss regulations require that 
the profile shall be at least mitre (where ¢ = 0.707/) or 
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convex. It is intended, presumably, that the leg length 
of the fillet as deposited shall be checked by gage and 
that any degree of convexity present will provide an 
extra margin of throat thickness over the mitre or 
minimum throat of 0.707/ upon which the working 
strength of the fillet is based. 


On the other hand the German, Australian and 
American (S & B) specifications are worded to permit 
concave fillets—in fact, the latter require ‘‘perceptible’’ 
concavity of profile under certain conditions of live load 
stress. 

If concavity of fillet weld profile is permitted or pre- 
ferred it would appear desirable to place some limit in 
degree by specifying a minimum ratio of throat thickness 
to leg length. Relatively slight concavity may provide 
smoother stress lines under certain conditions of loading 
but there is a definite limit to the degree beyond which 
it is undesirable to go. It has been contended’* that 
pronounced concavity results in a prevalence to cracking 
during cooling owing to the low ratio of the throat thick- 
ness resisting contraction to the volume of metal in the 
fillet inducing contractional stresses during cooling. 
(See Fig. 20.) At the same time it must be remembered 
that the bulk of the welding on a structure frequently 
consists of single-run fillet welding in which case the 
fillet profile is mainly dependent on the welding char- 
acteristics of the electrode and the position of applica- 
tion. Most “‘approved”’ electrodes in use today deposit 
single run fillet welds with natural convex profiles, 
except in welding vertically downward, as indicated in 
Fig.21. (See also page 27 of the Institution’s Report.) * 

On the other hand it would also appear desirable to 
place an upper limit to the convexity ratio of fillet weld 
profiles. A ratio of throat thickness to leg length 
greater than unity, i.e., quadrant, is most undesirable 
from the standpoints of stress distribution and control 
by inspection. It is frequently met with in the case 
of light fillets applied in the vertical position welding 
upward. 

None of the regulations or specifications considered 
have attempted to control the degree of concavity or 
convexity in fillet weld profiles. If this is considered 
desirable and concavity permitted the author suggests 
that suitable limiting values for the throat to leg length 
ratio of fillets as deposited are 0.6 to 0.9. It is evident 
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that with concave fillets the throat thickness, and with 
convex fillets the leg length, is the critical dimension that 
must be measured on the deposited weld and that must 
be equal to or greater than the equivalent dimension of 
the required nominal mitre fillet upon which permissible 
working stresses are based. 

The American Tentative Specifications'* for elec- 
trodes include, in the grade intended for bridgework, a 
“usability’’ test in which it is required that a fillet 
weld deposited from the electrode shall be cross cut, 
polished, etched and the profile convexity ratio mea 
sured as indicated in Fig. 22. The maximum permissible 
convexity ratio thus measured is 30 per cent, which 
broadly speaking means that for a symmetrical fillet of 
equal leg length the maximum permissible ratio of 
throat thickness to leg length is about 0.9. 

In practice, gaps frequently occur between parts to 
be connected by fillet welds and while such gaps should 
be reduced to a minimum their complete elimination is 
sometimes impractical or expensive. Inspectors are 
often faced therefore with the problem of deciding the 
degree of fit that should be required beyond which a 
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larger fillet weld than specified may be called for with 
reason. The Indian and American (S) specifications 
provide a useful ruling on the point in their requirement 
that, ‘‘where parts to be joined by a fillet weld are sepa 
rated more than '/;, inch, the excess above '/,. inch in 
amount of separation shall be added to the weld size 
required by the design.” 

The German (S) specifications require that the mini 
mum throat thickness of a strength fillet weld shall be 
4mm. (bare '/,-inch fillet). 

3. ‘‘Elongated”’ or Fillet Welds 

The American (B) specification requires that ‘‘trans 
verse fillet welds on all main connections, and prefer 
able in all cases, shall be elongated in the direction of 
principal stress.” (See Fig. 23.) Critics of this practice 
contend that the introduction of special profiles such 
as the ‘“‘elongated’’ or what is sometimes termed the 30 
60° fillet leads to confusion in the shop and a strong 
possibility of errors occurring through the operator elon 
gating the wrong leg of the fillet 
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4. Minimum Length of Fillet Weld Permissible for 

Carrying Calculated Stress—**L”’ 

There is evidently a need to establish certain minimum 
lengths of fillet welds that may be regarded as trans- 
mitting calculated stresses. Most specifications cover 
this point and the values (L) required by those here 
considered are as follows: 


(L) 
(5). 40 mm. (1.6 in.) 
a 40 mm. (1.6 in.) 
or 2 in. (which ever is longer) 


(Alternatively ‘‘/’’ must be considered equal to !/, ‘‘L”’ 
for strength calculation.) 
6 X t (= 4.21 if t = 0.7)) 
(Alternatively ‘‘t’’ must be considered equal to !/¢, ‘“‘L”’ 
for strength calculation.) 
Note—/ = fillet leg length. 
t = fillet throat thickness. 


There seems little need to substantiate the technical 
desirability of basing the “minimum length’ on the 
“size’’ especially for large fillet welds, but a suitable 
ratio of ‘‘L’’ to ‘7’ must be largely a matter of opinion. 
At the same time it might be argued with reason that 
on the score of simplicity alone a fixed ‘“‘minimum length” 
for small fillet welds should be adhered to regardless of 
size. 


Fig. 25—Billingham Beck Bridge Frames in Course of Erection, Showing Skew Connec- 
lon Between Diaphragm Bracing and ——- Girders. (Engineers: Messrs. Mott 
Hay Anderson.) 


The American (B) specification meets both conditions 
very well for in effect it requires a minimum length of 


2 inches for fillets up to '/» 


inch and L// ratio of 4 for 


larger fillets, with a reasonable alternative if these re. 


quirements cannot be met. 


5. Allowance for Ends of Fillet Welds 

All specifications require that the ends, that is the 
start and finish or crater, of a fillet weld shall be de- 
ducted in determining its effective length for strength 
calculation, and the following designate the length that 
must be deducted from the actual over-all length of the 


fillet weld for this purpose. 


in. 

Australia (D.R.)........ 2/ (Leg length) 

eee 2t (Throat thickness) 


Germany (S)............ t (Throat thickness) 


6. Fillet Welds Connecting Built-Up Members 

In legislating for fillet welds connecting built-up 
members all specifications require in the first place that 
they shall be adequate to transmit calculable stresses or 
to make the parts connected work in unison. Certain 
minimum values are also established for the pitching or 
spacing of intermittent fillets and for the transverse 
pitch or width between parallel lines of fillet welds con- 
necting built-up members. 


Tos THICKNESS OF THINNER 
MEMBER 


FG 26 


6a. Width or Pitch Between Parallel Lines of Fillet 
Welds Connecting Built-Up Members ‘‘W"’ See Fig. 24 


Maximum 


member joined. 


In cases where it is required to use wider plates than 
permitted by the maximum permissible width between 
parallel lines of fillets, it is customary either to use slot 
welds down the center line of the member (see Fig. 33) 
or to divide the plate longitudinally in tow and to con- 
nect it to the adjoining member with four parallel lines 
of fillets. 

The Australian specification requires that ‘‘the clear 
distances between intermittent welds in line and be 
tween lines of welds shall not exceed the corresponding 
distances which would be permissible for rivets if used 
for the same purpose’ except that in general intermit- 
tent welds shall not be less than 3 inches long and shall 
not be spaced more than 9 inches apart. This clause is 
repeated in the Australian (D.R.) Code. 

The Indian specification requires that the distances 
between welds and between lines of welds shall not be 
more than three-quarters the corresponding distances 
permissible for riveting. 
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6). Pitch or Spacing of Intermittent Fillet Welds Con- 
necting Built-Up Members. See Fig. 24 


Stress in Member 


_ Tension Compression 
U.S.A. (B) S 

4 

12 it 
te 
Italy 

L 30 mm. 

4L 

L 40 mm. 


*»"’ in inches equals the design strength of either adjoining weld in Ib 
divided by 1000. 

The maximum spacing requirements in the Italian 
regulations may be doubled if the intermittent fillets 
are connected by light “‘sealing’’ welds, but the Italian, 
like the American specification, expresses preference for 
continuous small fillets of constant size rather than 
larger intermittent fillets connected by so-called ‘‘seal- 
ing’’ fillets. 


The American (B) specification also requires that “the 
length of fillet welds at the ends of built-up members 
shall be not less than the width of the member."’ The 
American (S) specification mentions this requirement 
for columns only. 

The Swiss regulations require that for plate girders, 
welds connecting webs to flanges and flanges to covers 
must be continuous. 

Most specifications require that all contact surfaces ex- 
posed to weather must be effectively sealed against the 
inclusion of moisture but the Australian specification 
(and the D.R.) adds the qualification that this practice 
is unnecessary if the contact surface is '/» inch or less 
in width. This provides a useful ruling on the practical 
question as to when it is necessary to connect bar stif- 
feners to girder webs, etc., by continuous fillet welds. 


7. “Chain” and “Staggered’’ Intermittent Fillet Welds 


The American (B) specification is the only one that 
appears to give any lead as to whether ‘“‘chain’’ or 
‘“staggered”’ intermittent welds, if either, are to be pre- 
ferred. It states that ‘‘chain’’ intermittent welding shall 
be used on main members and in all cases it shall be 
given preference over “‘staggered’’ intermittent welding. 

So far as the author is aware, the only investigations 
of any importance that have been conducted to establish 


Vay 
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Figure 31. Cranked girder with outer flange plates slot welded at bends. Slot welds were used in this case to 
carry the radial forces acting on the outer flange plates where they changed direction. 


the relative merits of these two types of intermittent 
welding are those carried out by the United States Bu- 
reau of Construction and Repair in 1931." 

The investigations in question were included in a 
general series of full scale tests on welded and riveted 
ship’s shell plating. The specimens for investigating 
intermittent fillet welds consisted of plain unjointed 
mild steel sheets with rectangular section bar stiffeners, 
welded along their centra) longitudinal axis parallel with 
the direction of the load. 

The general conclusions reported were: 

(a) “That ‘chain’ intermittent welding is superior to 
‘staggered’ in elongation and longitudinal efficiency, but 
not to a very great degree.”’ 

(b) ‘That the degree of continuity within the prac- 
tical range has but little effect on the results.”’ 

It is also contended that ‘“‘chain’’ intermittent fillets 
induce less thermal distortion in the line of the stiffener 
but while this may apply when stiffening large plate 
areas, it is unlikely to prove a significant factor in normal 
constructional steelwork. 


8. Acute Angle Fillet Welds 


In riveted construction, reasons of economy require 
that members connected shall be disposed at right 
angles to one another as far as practicable. The fact 
that in welded construction it is possible economically to 
connect members running into one another at any angle 
is therefore of particular advantage especially in the 


case of skew bridges, an example of which is illustrated 
in Fig. 25. There is, of course, a limiting value to the 
acute angle ‘‘a’’ (Fig. 26) below which it is difficult to 
apply a satisfactory fillet weld and below which the 
throat thickness of the fillet is uncertain. 

In dealing with this point, the Polish regulations state 
that if the angle is less than 60° the working stress shall 
be reduced by 25 per cent and if it is less than 45° the 
fillet shall not be assumed as capable of carrying load. 

The Italian regulations include a similar requirement 
but do not state a value for the minimum angle. The 
German (S) regulations state that if the angle is less 
than 70° the weld shall not be considered in calculating 
the strength of the connection. 

In cases where the angle is very acute it is preferable 
to adopt the type of joint indicated in Fig. 26s. 


9. Lap-Welded Joints (Fig. 27) 

There appears to be general agreement that the 
minimum ‘overlap’ should be equal to four times the 
thickness of the thinner member joined, a requirement 
that is included in the British Standards, Indian and 
American (B) specifications. 


10. Stress Distribution in Fillet Welds and Members 
Connected by Fillet Welds 
The distribution of stress in fillet welds and members 
connected by fillet welds has received much attention 
and the student is best referred to the excellent survey 
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Fig. 32 (°)}—Freemason’s Hospital, Ravenscourt Park. Steelwork for Sun Balconies 

During Erection, Showing Open Siot Welded Cover Plates. Slot Welds Were 

Used in This Case to Reduce the Over-All Length Necessary to Obtain Adequate 

End Fixation of the Plates Without the Use of Very Large Fillet Welds (Consulting 
Engineer: Mr. S. Bylander, M.1.Struct.E.) 


of existing information on the subject prepared by 
Solakian and Claussen" for the Welding Research Com- 
mittee of the AMERICAN WELDING SOCIETY, in which 
reference is made to 150 selected technical reports and 
articles. 


(10a). ‘‘Side,”’ or ‘‘Longitudinal’’ Fillets 


(10a;). Stress Distribution in Welds 


One of the first experimental studies of the distribution 
of stress in “side’’ fillet welds to be conducted under 
careful laboratory conditions was carried out in 1929 at 
the University of Pittsburgh.’ The general form of 
the stress distribution indicated by the results obtained 
(see Fig. 28) has been confirmed by subsequent in- 
vestigators including Gaber'* and Bierett'’ and also by 
the mathematical analyses of Weiskopf and Male,” 
Troelsch,*4_ Hovgaard,?* Batho** and others, and is 
somewhat similar in form to that recorded in riveted 
connections.”* 

It is clear that within the elastic limit concentrations 
of stress occur at the ends of the fillets, which fact 
provides a warning against the use of side fillets only for 
connections subject to shock or carrying dynamic loads 
but in considering their ultimate load-bearing capacity 
under static loading the problem remains as to how far 
the stress is redistributed as the weld-metal is strained 
locally above its yield point. 

In countering the objection that consideration should 
not be given to the behavior of the weld when stressed 
above the yield point in determining permissible stresses, 
reference might be made to the following statement by 
Prof. C. Batho :*8 


“Riveted joints and splices are often considered to be among 
the simplest elements of a structure and straightforward empirical 
rules for their design are laid down in text books. Actually they 
are highly complicated statically indeterminate structures, and, 
although joints designed in the ordinary manner often show a 
high efficiency when tested to destruction it has been conclusively 
established that in many joints a few of the rivets carry practically 
all the load until a load well above the working load has been 
reached.” 


Conclusions in reports concerning ultimate strength 
tests on side fillets of various lengths and constant size 
by Grove,*4 Gaber,'® Bryla,™ Freeman® and others do 
not agree, but an examination of the results would indi- 
cate that, provided the specimen grip and cover plates 
are so proportioned that they are not stressed above the 
yield point, then the average ultimate unit linear strength 
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of the fillet does not vary appreciably with its length, 
within the limits (in dimensions) so far investigated. 
Most regulations and specifications, therefore, require 
the design strength of “‘side”’ fillet welds to be based on a 
permissible throat stress that is not dependent on their 
length. 

However, it is probable that considerations of this 
nature have led to the adoption of the method employed 
in the Indian regulations (see Table 5) for determining 
permissible working stresses in side fillet welds. Further- 
more a qualification that the assumed ‘effective’ length 
of a side fillet weld must not exceed 30 times the fillet leg 
length appears in the Italian regulations, and that it 
must not exceed 40 times the fillet throat thickness is re- 
quired in the German (S) specifications. 


(10a2). Stress Distribution in Members Connected by Side 

Fillets Only 

A survey of the stress distribution in a plate connected 
by “‘side’’ fillets only based on extensometer readings” 
is reproduced geometrically in Fig. 29. 

It is evident that high stress concentrations appear in 
the members at the ends of the welds and it is no doubt 
for this reason that the British specification states that 
“it is preferable to use end and side fillet welds together, 
adding that allowance must be made for uneven dis- 
tribution of stress in members connected by ‘side’ fillets 
only.”’ 

While no doubt the general form of distribution re- 
mains the same the degree of stress concentration at the 
ends of the welds must depend on the ratio of the length 
of the welds to the width and thickness of the members 
joined. Freeman” found that in order to obtain an 
average cover plate stress exceeding the yield point of 
the material, the individual lengths ‘‘L”’ of the fillet welds 
“should be at least three-qfiarters of, and preferably equal 
to, the width ‘W’ of the plate.’’ Lobban®™ plotted the 
results of Freeman’s tests against the W/L ratio (see 
Fig. 30) clearly indicating the effect of the latter. 

The British specification states that the length of each 
fillet should be at least three-quarters of the width of the 
plate, while the Australian (D.R.) Code states that if 
the side welds are shorter than the width of the plate, 
calculations shall be made for the uneven distribution 
of stress in the member. The Indian regulations would 
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appear to allow the maximum permissible stress in side 
welds under conditions for which there is evidence to 
show that the stress distribution in the members con- 
nected is most undesirable. 


(10b). ‘‘End”’ or ‘Transverse’ Fillets 

Most specifications are agreed that when end fillets 
are used alone their ends shall be ‘‘returned as side fillets’’ 
or ‘returns without discontinuity around corners.” 

The purely arbitrary minimum lengths required by 
various specifications for the so-called ‘‘returned”’ ends 
are as follows. They are disregarded in calculating the 
strength of the connection. 


Minimum Length of ‘‘Returned”’ 
Ends for ‘‘End”’ Fillets 


Australia........ 1/, in. 

4l (Fillet leg length) 


(10c). ‘Inclined’ Fillet Welds 


In referring to fillet welds inclined to the line of stress 
the Australian specification requires that they shall be 
computed on working stresses intermediate between the 
values for end and side fillets in proportion to the angle 
of inclination. This clause is repeated in the Australian 
(D.R.) Code. 


(10d). ‘‘End’’ and ‘‘Side’’ Fillets Combined in One Con- 
nection 


Wide difference of opinion exists on the question of the 
load distribution between end and side fillet welds acting 
together in a connection. On one hand it is contended 
that the extension of a side fillet under stress is so much 
greater than that of an end fillet that the latter must 
bear the major part of the load. On the other hand it is 
held that there is sufficient extension in an end fillet for 
the load to be shared in relation to their individual 
strength values. 

Few specifications cover the point but the former con- 
tention is portrayed in the Italian regulations which re- 
quire in effect that when “‘side’”’ and “‘end”’ fillets work to- 
gether only 60 per cent of the length of the former shall 
be taken into account in calculating their combined 
strength. 

The Australian (D.R.) Code states that “in any com- 
bination of side, end and/or inclined welds, a reduction of 
10 per cent shall be made in the working loads.”’ 

Tests on combined “end” and ‘“‘side’’ fillet-welded 
connections have been conducted by Rosenthal” and 
Bierett'’ but in each case the welds tested consisted of 
two side fillets combined with one end fillet only. 

Tests conducted under the author’s direction in order 
to obtain experimental data to provide some guidance 
on the point will be described in a later issue. 


C. WELDS IN SLOTS AND HOLES 


So far, relatively little use has been made of slot and 
plug welds in this country owing chiefly to the existence 
of some doubt as to their reliability, to the uneven dis- 
tribution of stress they may induce in the members con- 
nected, and to the extra expense entailed in slotting or 
punching. The Italian regulation states that ‘Slot 
welds must be used with particular caution, to avoid or 
reduce the secondary stresses to which they readily give 
rise.’ However, they may be extremely useful on oc- 
casions as in the attachment of built-up members in 
which the ratio of width to thickness exceeds the maxi- 
mum figure for which connection by fillet welds alone is 


permitted (see Sect. B.6) and in the two examples of 
their use illustrated in Figs. 31 and 32. 

The requirements of the regulations and specifica- 
tions considered are listed below and should be read jy, 
conjunction with Figs. 33 and 33a. The ratio of the depth 
to the width of the slot, or diameter of the hole is gen- 
erally such that there is sufficient latitude to manipulate 
the electrode satisfactorily so that sound fillet welds may 
be applied around the internal periphery and also readily 
inspected. 


Poland...... . WwW 1. 5t D23xX 1 
Germany (S)........... W D 3 xX 

Australia (D.R.).... . WwW 2.0T 

UB), ..... W T + "/sin.* 


Round holes—diam. > 1.5T > 3 X Required length of weld 


Half round holes on plate edges} Diam. > 18/15 in. 


1.5T* 


Notre—* Fillets may overlap quarter of leg length, Fig. 33a. 


It is generally required that rectangular slots shall have 
radiused ends, the American specification giving a mini- 
mum required radius of */s inch, also that the slots and 
holes ‘‘shall not be filled with weld-metal nor partially 
filled in such manner as to form a direct weld-metal con- 
nection between opposite walls’ —U.S.A.(B&S). Ex- 
ceptions to this are provided by German (S), Polish and 
Italian regulations, the last two of which permit filled 
slots with both square and bevelled sides (see Figs. 33) 
and c), in the latter case both limit the minimum permis- 
sible width to 10 mm. The calculated working strength 
of the joint is based on the throat “‘S’’ or the width ‘““W”’ 
whichever is least, except in the German (S) regulations 
in which case the effective weld throat is taken as 0.7 
times the thickness of the slotted plate. The Italian 
regulations require a reduction of 30 per cent in the nor- 
mal working stress values whether fillet or solid welds are 
used. 

A further requirement of interest in the Italian regu- 
lations is that while the strength of members containing 
fillet-welded slots or holes must be based on their net 
sectional area, if the slots are filled solid with weld-metal 
the strength of the member may be based on its total sec- 
tional area if the stress is compressive, and only 30 per 
cent of the cross-sectional area of the slot need be de- 
ducted if the stress is tensile. On the other hand the 
Australian (D.R.) Code states that “‘provided the slot 
is made at least 5 per cent fuller than flush with the face 
of the member slotted (with or without subsequent flush 
granding) it may also be allowed to function as a butt 
weld in the slotted plate.’’ This point would appear to 
warrant further investigation if ‘‘solid’’ or ‘‘filled’’ slot 
and plug welds are to be permitted. 

The subject of slot and plug welds as a whole deserves 
more attention than it has received hitherto in this 
country. No guidance has been provided on it in the 
British Standard Specification. 


D. GENERAL DETAILS OF DESIGN AND 
CONSTRUCTION 


1. Unsymmetrical Sections 


A clause is generally included requiring in effect that 
“the arrangement of the welds at a joint should be such 
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that uncertainty as to distribution of stress is reduced to 
qa minimum,’’ also that ‘‘the center of gravity of the 
group of welds forming the connection should lie on the 
neutral axis of the member.” (B.S.S.) The wording 
proposed in the Australian (D.R.) Code is preferable and 
reads that—‘‘the center of gravity of weld strengths shall 
lie on the lines of action of the loads or due allowance 
shall be made in the calculations for the eccentricities in- 
volved.” 


2. Beam Connections 

The German (S) specifications require that in beam 
end connections the welds shall be designed on the vector 
resultant of the shear and bending moment stresses. 
Also that if the beam consists of a joist or channel section, 
the welds connecting the web only shall be adequate to 
carry the total shear force. 


3. Columns and Stanchions 

In regard to splices, caps and bases all specifications 
require, of course, that the connecting welds shall be 
capable of carrying any tensile and shear loads that may 
be transmitted—and also compression loads if the abut- 
ting surfaces are not machined. 

However, there seems to be some variation of opinion 
in regard to the welding of connections carrying loads the 
resultant stress of which is wholly compressive and where 
the abutting surfaces are machined. 

The British specification states that there need only 
be sufficient welding to hold the parts securely in piace. 
The Australian specification states that the welding must 
be designed to carry 50 per cent (reduced in the Aus- 
tralian (D.R.) Code to 30 per cent) of the direct load. 
The American (B) specification follows the lines of the 
British Standards Specification in regard to base plates 
and the Australian specification in regard to splices. 


4. Bracing Bars 


Both the British Standards and the Indian specifica- 
tions require that welded connections of bracing bars 
shall develop their full section. Other specifications do 
not appear to deal with the point. 


5. Erection 

Most specifications stipulate, of course, that adequate 
means shall be taken to hold parts together and in align- 
ment, and to brace framework until the connections are 
welded. The Indian and American (S) specifications 
add that the temporary holding devices employed shall 
be of sufficient strength and stiffness to resist all tem- 
porary weights and lateral forces, including wind and also 
draws special attention to the support of heavy girders 
carrying columns. 

A further requirement of interest in these specifica- 
tions is that in multi-story building erection the mem- 
bers shall not be erected more than four stories or more 
than two-column lengths above any column connections 
yet unwelded. Light structures under 30 feet high may 
be erected without the use of temporary joint fastenings 
provided that the members be welded together suffi- 
— for temporary security at the time they are 
erected. 


6. Reinforcement of Riveted Connections by Welding 


_In a combined welded and riveted joint the distribu- 
tion of load between the two connecting media is always 
somewhat questionable owing to the doubtful influence 
of the potential “‘slip’” in the rivets. Investigations on 
unstressed riveted joints reinforced by welding—that is 
to say riveted joints that have been welded before the 
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“initial slip’’ has been removed by prestressing——have 
shown that practically the whole of the ultimate load 
on the combined connection will be carried by the weld 
ing up to the point of failure. Most specifications for 
this reason require that ‘‘on new work welds and rivets 
combined in one connection shall not be considered as 
sharing the stress, and welds shall be provided to carry 
the entire stress for which the connection is designed.”’ 
(American (B).) 

On the other hand, welding is generally applied in 
practice for reinforcing connections in existing structures 
that have been in service for some years, in which case 
there is little doubt that the major part, if not all, the 
“initial slip’ that may have been present in the connec 
tions has been removed added to which the connections 
are, of course, carrying the ‘‘dead load”’ stresses prior to 
welding unless steps are taken to relieve them. The 
American (B) specification states that ‘where rivets or 
bolts are overstressed they shall be considered to carry 
the entire dead load, provided they are capable of carry- 
ing it without overstress, and welding shall be added to 
carry all live and impact stress. If the rivets or bolts 
are overstressed by dead load only, then sufficient weld- 
ing shall be added to the joint to carry all of the stress 
(dead, live and impact).”’ 

The Indian specification requires that “where weld- 
ing is used to strengthen a riveted joint, 50 per cent of the 
strength of the weld shall be taken as effective.” The 
author is not aware of the grounds on which this require- 
ment is based. 


E. ELECTRODES AND WELDING PROCEDURE 


1. Electrode Qualification Test Requirements 


The electrode qualification test requirements of the 
regulations and specifications considered are shown in 
Table 1. 

It will be noted that there is quite a wide variation in 
the number and types of tests to be conducted, also in 
the minimum values to be obtained. All-weld-metal 
specimens are not required in the Polish, Swiss and Ger 
man specifications reliance apparently being placed on 
the butt weld bend test to indicate the ductility of the 
weld-metal. 

The Polish butt joint specimen is reduced in width and 
thickness across the weld and may be considered as a 
test of the weld-metal itself rather than of the joint. 

The Swiss regulations require that butt-welded speci 
mens shall be tested with the root in compression and 
tension (see ‘‘c’’ and “‘?’’ in Table 1). The figures given 
are for a bending constant ‘*K’”’ where 

K = S—(Plate thickness). 


R—(Radius of curvature of neutral axis). 


Letters and “‘C’’ refer to plate thicknesses as 
follows: 


A—up to 12mm. 
B— 12 mm. to 20 mm. 
C—20 mm. and over. 


The Australian is the only specification that caters for 
the application of more than one grade of electrode apart 
perhaps from the Italian and Polish regulations which 
permit electrodes, the qualification test results for which 
are down to 15 per cent below the values stated provided 
the permissible working stresses are reduced in the same 
proportion. An increase in permissible working stresses 
is allowed if warranted by the results of qualification 
tests (see Sect. F) in the Italian and Polish regulations. 
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2. Welding Procedure 


An attempt to provide some measure of control over 
the welding procedure adopted is provided in the Ameri- 
can (B) specification which includes a general clause con- 
cerning limits of procedure in regard to plate thicknesses, 
and in regard to limiting sizes or thickness of individual 
runs of metal it states that ‘‘A single layer of weld-metal, 
whether deposited in one pass or made up of several 
parallel beads, shall not exceed '/s inch in thickness 
parallel with the throat, except that the bead at the root 
may be '/, inch in thickness if the position of welding and 
viscosity of the weld-metal permit control of the metal 
so that it does not overflow upon unfused base metal. 

“The maximum size of fillet weld which may be made 
in one pass is °/;¢ inch.”’ 


Table 2—Gage of Electrodes and Limiting Plate Thicknesses 
(No. C.A. 8—1933) 


Average Thickness of Plate or Section 
Butt Welds Fillet Welds 


Australian 


Maximum Gage of 
Electrode to Be Used 


Inches Inches Gage—S.W.G. 
Under Under 10 
3/16 and under */s and under !/, 8 
3/g up to and in- 1/, up to and in- 
cluding cluding */, 4 


Australian (D.R.) 

Maximum Gage or 
Diameter of Electrode 
to Be Used 

10 S.W.G. 
8 S.W.G. 
4S.W.G. 
in. diam. 
in. diam 


Average Thickness of Plate or Section 
Less than in. 

3/1, in. up to, but not including */, in. 
3/, in. up to, but not including °/s in. 

5/, in. up to, but not including 1 in 

1 in. and over 


Table 3—Size of Runs 

Australian (No. C.A. 8—1933) 

Approximate Size o{ 
Run in Inches per 
16%/, Inches Length 

of Electrode 


Sectional Area of 
Separate Run 
(Square Inches) 


Gage of 
Electrode 


S.W.G. Max. Min. Max. Min 

12 0.028 0.019 12/4 12/6 

10 0.0385 0.019 10/5 10/9 

g 0.039 0.022 8/7 8/12 

6 0.042 0.026 6/9 6/15 

4 0.051 0.030 4/11 4/19 
Addition to Table, in Australia (D.R.) 

2 0.057 0.036 2/14 2/22 

0 0.064 0.042 0/17 0/26 

5/,, in. diam. 0.064 0.042 5/16/16 5/16/24 

3/, in. diam. 0.073 0.049 3/8/20 3/8/30 


The Australian specification goes much further by in 
cluding Tables 2 and 3 limiting the gages of electrode to 
be applied in relation to the plate thickness, and the size 
of run in relation to the gage of the electrode. Certain 
modifications in the Australian (D.R.) Code to Table 2 
are noted and an extension to Table 3 to include the use 
of larger gages of electrodes. 

The author feels that this subject as a whole warrants 
more attention than it appears to have received in this 
country hitherto and that our future specifications may 
well be amplified to guard against the employment of 
unsound welding procedure. The subject has been dealt 
with in some detail in the Institution’s Report.* 


TABLE No. 4. 
Butt WELDS—PERMISSIBLE WORKING STRESSES. 


| 
| Stated as % of permis- 
sible working stress in 


Stated in terms of unit 
| stress (given in equiva- 


| 
| | parent metal (P.). (See lent tons per sq. in.) 
footnote.) 
Year.| Country. Remarks. 
| Ten- | Com. | | Ten- Com- | 
| sion. pression. Shear. | sion. pression. Shear. 
1934 Gt. Britain ... | 85 100 85 (6.8) (8.0) | (4.3) | “ P” taken as 8 T/sq. in. tension and 
/ compression 5 T/sq. in. shear. 
1936 | India ... cha — fm 4.0 5.0 | 3.0 Subject to 50% increase if first-class 
| supervision provided. 
1933 | Australia— 
| §tructural ... | . — | 7.0 7.0 5.6 |The terms “Structural”? and 
| Ordinary sh - 5.0 5.0 4.0 ‘* Ordinary ” refer to the grade of 
1937 Australia (D.R.) electrode used, see Table No. 1. The 
| Structural (A) mf | 76 | 7.6 | 6.0 bracketed letters (A) and (B) refer 
o» (B) | — | | 70 | 7.0 | 56 | to two grades of butt welds, sce 
Ordinary (A) — | 54 | 54 | 43 | Sect. F.1. 
- (B) -/;— - | 50 | 50 | 40 | 
1934 U.S.A. (8) - | 5.1 
| Germany— | | 
1934 | DIN 4100 (8)... 73. | 85 | 65 (6.7) (7.6) (5.8) | “PP” taken as 14 kg./sq. mm. 
| DIN 4101 (H.B.) | | Bending stress—80% P. 
| GradeA ...' 80 | 100 | 65 (7.1) | (8.9) (5.8) | Grade A and B refer to Ist and 2nd 
» B..| 7 | 90 | 55 | (64) | (8.0) | (5.0) class butt welds. 
1935 | Switzerland ...| 70 | 100 55 (6.2) | (8.9) (4.9) ‘“P” taken as 1.4 tonnes/sq. em. 
1935 | Poland | — |] — | — |] 64 | 64 | — 
1936 Italy , 80 90 70 | (7.1) | (8.0) (6.2) | “ P” taken as 14 kg./sq. mm. 
1934 | Austria | 7 | 90 | 65 — — — | 
1933 | Hungary | 5.4 7.2 3.2 | 
1934 | Belgium | 100 | — — | 
1935 | France 70 | 99 60 — | 
1932 | Czecho-slovakia | | | 7.0 | 44 | 


Note.—In the British Specification the values are given as percentages of the per 


in the parent metal. 


missible values for similar stress 


In all other specifications the values are given as a percentage of the permissible tensile stress 


in the parent metal. Where the permissible stress is stated as a percentage of the parent metal working stress the 
equivalent unit stress in tons per sq. in. is given in brackets. 
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TABLE No. 5. 


FILLET WELDS—PERMISSIBLE WORKING STRESSES. 


Equivalent 
Fillet Throat 
Year. Country. Values Given. Stress in Remarks. 
Tons/sq. in. 
— | End. | Side. Units. End. | Side, 
1934 | Gt. Britain ...| All | 6! | 51 tons/sq. in. 6 5 ! Based on fillet throat thickness. 
1936 | India fin. , 1.00 | tons/in. 5.72 --? | “For side fillets the working 
| fin. | 125 | — » | — | stresses given (for end fillets) 
| gin. | 1.50 | _ 3 a _ shall be reduced by a percentage 
| gin. | 2.00 Be ii — equal to the ratio of the length of 
gin. | 2.50 - * ss — the side fillet to the width of the 
gin. | 3.00 - smallest member joined, multi- 
plied by 20” (See Sect. B.10a) 
1933 | Australia— 
Structural ... | All 7.0T | 56T } 7.0 5.6 T = Fillet throat. 
Ordinary ... | ,, 5.0T | 4.0T 5.0 4.0 
1937 | Australia (D.R.) D = Fillet size or “‘ Leg length.”’ 
Structural ... 50D) 4.0D 5.7 The terms “Structural” and 
Ordinary 35D | 2.8D 5.0 4.0 “Ordinary refer to grade of 
electrodes used. (See Table No. 1) 
1934 | U.S.A. (S) 11,300* Ibs./sq. in. 5.1 
| Germiany— 
1934 | DIN 4100 (S) 0.65 P? 5.8 “ P” taken as 14 kg./sq. mm. 
1937 | DIN4101(H.B.) — 0.65 P? 5.8 
1935 | Switzerland am 0.35P* 0.40P% — 4.4 5.1 } Based on fillet leg length. “P” 
(mm.) taken as 1.4 tonnes/sq. em. 
1935 | Poland oe 5 | 350 kg./em. 6.44 * Mitre fillet profile assumed in caleu 
6 400 9 6.0 lating equivalent throat stresses 
8 | 480 < 5.5 in tons/sq. in. 
10 550 a 5.0 
12 600 4.6 
14 650 mh 4.2 
16 700 4.0 
18 750 3.8 
20 800 3.6 
(mm) | 
1936 | Italy 08 P* 0.7 P} 7.14 “ P taken as 14 kg./sq.mm. 
| 8 0.7P) O6P | — 62 | 53 | 
12 06P) O5P) | | 45 
| 20 | 05P | 04P | 45 | 36 | 
Note.—P = Permissible stress in Parent metal. 


Equivalent throat stress values calculated to one place of decimals only. 


F. PERMISSIBLE WORKING STRESSES 


The permissible working stresses for butt and fillet 
welds are given in Tables Nos. 4 and 5. The require- 
ments of regulations issued in several other countries 
than those considered hitherto have been included in the 
case of butt welds. However, it must be appreciated 
that a true comparison of the values given cannot be 
made without reference to the relative requirements in 
the electrode qualification tests and the allowable ulti 
mate stress in the parent metal. 

The German (S), Polish and Italian regulations per- 
mit an increase in the permissible stresses in proportion 
to any increase shown in test results over the required 
minimum values stated for the electrode qualification 
tests. The Polish regulations limit this qualification to 
fillet welds and the Italian regulations limit the permis 
sible increase for both butt and fillet welds to 15 per cent. 
See also foregoing Sect. E.1 for required decrease in 
permissible working stresses consequent upon qualifica- 
tion test results below those stated in Table 1. 

In considering the relatively low working stresses per- 
mitted for butt welds in tension and shear in the Indian 
regulations it must be appreciated that local conditions 
render the provision of proper supervision more desirable 
perhaps than elsewhere. If first-class supervision can be 
guaranteed the regulations permit an increase of as much 
as 00 per cent in permissible working stresses for both 
butt and fillet welds. 
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A percentage reduction in permissible working stresses 
is required for overhead welding in some countries, as 
follows: 


India HWY 
Poland 25% * 
Italy.. 259, 

* Unless the results of tests substantiate the use of higher stress 


1. Butt Welds 


It is generally believed that if the working stress per- 
mitted in butt welds is equal to that allowed in the parent 
metal they are both covered by the same factor of safety 
and yet there is good reason to contest that this is not in 
actual fact the case. It is commonly agreed that the 
true factor of safety as such of a structure must be based 
on the ratio of the working stress to the elastic limit or 
yield point, rather than the ultimate stress, of the ma 
terial. 

If we take the high figure of 18 tons per square inch as 
the yield point and a working stress of 8 tons per square 
inch the true factor of safety is then 2.25. On the other 
hand a butt-welded joint remains effective as a connec- 
tion until its ultimate breaking load, so that its factor 
of safety based on the required ultimate strength of 28 
tons per square inch and an equal working stress to that 
in the parent metal, is 3.5 against 2.25 for the latter. It 
is not suggested, of course, that the permissible working 
stresses for butt welds might be increased above those in 
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Figure 33D. German Swinging Bridge” fatigue 


testing machine, 


the parent metal, but that if they are equal there is a 
greater margin for contingencies in the former. 

The German (H.B.) regulations permit two grades of 
butt welds (A and B). It is necessary for a butt weld to 
be X-rayed, to have the root welded, and that the rein- 
forcement shall not exceed 5 per cent, if it is to be graded 
as first-class (A). 

The two grades of butt-welded joints permitted in the 
Australian (D.R.) Code, Table 4, are described as follows: 


‘Type A welds shall include only such flush ground butt welds, 
in metal '/, inch thick or over, as are specified to be executed with 
special care to line up the sections to be joined and avoid under- 
cutting.”’ ‘‘Type B welds shall include all butt welds and built- 
up sections not classed as type A welds.”’ 


2. Fillet Welds 


On referring to Table 5 it will be noted in the first 
place that while some countries allow the same working 
stress for both side and end fillets others permit a higher 
stress for the former, the ratio varying from 1.15 to 1.25. 
Reports of laboratory tests have stated the strength of 
side fillets to be from 70 per cent to 80 per cent of that of 
end fillets.” * 

There would appear to be some degree of inconsistency 
in the British specification, for it will be noted that the 
factors of safety as determined by the ratios of the re- 
quired qualification breaking throat stresses to the per- 
missible working throat stresses differ widely, that for 
side fillets being 18/5 or 3.6 and for “‘end’’ fillets 27/6 or 
4.5. 

The second significant, and perhaps most important 
variant that arises in the consideration of Table 5 is the 
fact that the Italian and Polish regulations, contrary to 
the others, require that the permissible working stresses 
shall decrease with increase in the fillet size. 

Hohn* and Bryla*® have both reported an increase in 
ultimate strength with decreasing throat thickness but 
Solakian and Claussen'® summarizing their survey of 
existing literature to which reference has already been 
made, state that: 


“In general the results show that the strength of end and side 
fillet-welded joints increases approximately in direct proportion 


with the dimensions of the throat (for relatively short standard 
flush 45° fillets). ... Methods for computing design stresses may 
be based on load per unit length or an average unit stress in the 
weld... .” 


3. Fluctuating and Alternating Loads 


Permissible working stresses for fluctuating and alter- 
nating loads have been included in the German (R.B.), 
American (B) and Swiss regulations. 

In the foregoing the author has endeavored to por- 
tray briefly the experimental data and other technica] 
grounds upon which these working stresses have been 
based. 

In a review of literature relating to the fatigue strength 
of welded joints Spraragen and Claussen® make ref- 
erence to a selected bibliography of no fewer than 310 
technical reports and articles on the subject published 
up to October 1936. Undoubtedly a very considerable 
fund of information and test data is now available. 


3a. Germany 


Since 1930 a long coordinated series of fatigue tests on 
various types of welded joints has been carried out in 
various.parts of Germany, largely financed by the State 
Railways. 

The great majority of these tests have been conducted 
on pulsating machines, that is to say, machines inducing 
fluctuations of stress in the specimen and not reversals, 
although a few alternating fatigue tests are reported by 
Professor Graf*’ from Stuttgart. 

One of the most interesting of the pulsating machines 
designed for testing large scale specimens is the so-called 
“Swinging Bridge,’’ models of which have been installed 
at Riesa, Dresden and Dahlem. A sketch of this ma- 
chine is shown in Fig. 33d from which it will be noted 
that the specimens are of fair size (5 feet 9 inches long and 
5'/2 inches wide). 

The “Swinging Bridge’ is actuated by a vibrator lo- 
cated in the middle of the upper chord of the girder, 
vertical vibrations being produced by two eccentric 
masses rotating in opposite directions. The specimen is 
gripped between the center panel points of the lower 
chord of the girder. The natural frequency of the 
Dresden Bridge is 5.13, Hertz and Dahlem Bridge is 
6.50 Hertz so that the frequency of test must be reduced 
to about 4.0 to obviate resonance.** 

The German fatigue tests have been described in de- 
tail by Kommerell* and the following is only intended to 
provide a brief account of the lines on which they have 
worked and the results they have obtained on which their 
permissible stresses have been based. 

The endurance limits recorded for various types of 
welded joints, based on 2 X 10° repetitions of load, were 
set out on Weyrauch diagrams as shown in Figs. 34 and 
35 in which the maximum stresses were plotted as ordi- 
nates and the minimum stresses as abscissas. The 
symbols used represent the following: 


= Minimum stress 
50 = Maximum stress 
dn = Range of stress 
= do — du 
uz = Fluctuating fatigue limit in tension 
dud = Fluctuating fatigue limit in compression 
(where du = QO) 
dw = Alternating fatigue limit. 


It seems that in order to simplify these diagrams and 
to render them more suitable for comparative analysis, 
modified diagrams of the type shown in Fig. 36 were pre- 
pared, based on the following assumptions: 
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TABLE No. 6. 


GERMAN FaTIGUE TESTS ON WELDED JoINTS (KOMMERELL) °° 


Endurance limits based on cross section of members connected, adjacent to the weld, in tons per square inch. 


No. Type of Weld. 


Alternating 
Endurance Fluctuating Endurance Limits. 
(derived). Tensions. | Compression 
(derived). 


Butt Welded Joints. 

Transverse to direction of load and with root 

Transverse to direction of load but without the 
root rewelded _... ine wen 

At 45° to direction of load and with root rewelded 

Fillet Welded Connections. 

Light end fillet welds with profile ground to pro- 
vide gradual transition from weld to plate 

Full end fillet welds as deposited “aa 

Light side fillets with ends ground 

Full side fillets as deposited 


(a) That the ‘do’ curve (DCF in Fig. 34) could be 
represented as a straight line without appreciable error. 

(b) That for alternating compression stresses the 
total amplitude or range of stress is constant, the por- 
tion of the curve D’C’ (Fig. 35) therefore running at 45° 
to the abscissa axis. 


The fatigue limits were fully explored only within the 
range of fluctuating tensile stresses thus establishing 
‘“$uz”’ and the angle ‘‘a.’’ The value or position of ‘‘éw”’ 
was then “‘derived’’ by extending the straight line curve 
from ‘‘éuz’’ or c and “‘éud’’ was derived by extending the 
straight line curve from D’ at an angle of 45° (see Fig. 
36). 

In this manner the values for ‘‘éw’’ and ‘“‘dud’”’ given 
in Table 6 were derived. This table gives the various 
fatigue limits established for butt and fillet welds. The 
fatigue strength of a connection is, of course, very sus- 


| 


CNOURANCE LIMIT CURVE 
MAXIMUM s$TRESS "Oo IN TENSION 


CNOURANCE LIMIT CURVE WITH t 
MAXMUM STRESS IN COMPRESSION 


Figures 34, 35 and 36. German Fatigue Tests on Welded Joints (Kommerell (**) ). 


1938 SPECIFICATIONS FOR WELDED STEELWORK 


+7.0 Oto 114 0 to — 14.0 
+ 5.1 0 to 8.3 Oto — 10.2 
+ 8.3 0 to 14.0 Oto — 16.5 
+ 3.4 0 to 6.6 Oto — 6.9 
+2.2 0 to 4.1 | Oto — 4.3 
+ 4.0 0 to 7.6 Oto — 8.0 
+ 2.7 0 to 5.1 0 to 5.3 


ceptible to ‘stress raisers’ such as sudden changes in the 
“stress path” and surface irregularities. This is demon- 
strated by the superior fatigue strength of butt welds 
compared with fillet welds and by the improved endur- 
ance limits obtained on—(a) butt welds with the roots 
rewelded; ()) end fillets with their profiles ground smooth 
and (c) side fillets with their profiles ground down (Table 
6, rows 1, 4 and 6, respectively). The values given refer 
to the members connected and not to the welds them- 
selves. Fracture by fatigue generally occurs in one of 
the members connected adjacent to the weld or welds. 
The results of these investigations were passed to a 
Committee which was convened to draw up permissible 
working stresses for inclusion in tentative specifications. 
Their first problem was to decide on a suitable factor of 
safety. The following is an extract from Kommerell’s 
paper in which he explains the attitude of the Committee 
on this subject. 
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‘For the purpose of comparison, the fatigue strength test results 
of riveted specimens have been studied as well. The surge-load 
strength of riveted connections (of similar dimensions as for welded 
connections) was found to be 6uz = 15 kg./mm.? (see Woehler 
line, page 16, part 34, report of the Board of Administrators). 
Such values or less were obtained fairly frequently with pulsator 
machines, especially if a coat of red lead-oxide was covering the 
contact areas of lap-jointed plates. The interval between surge- 
load strength and permissible stress is: 


6 — ézul = 15 — 14 = 1 kg./mm? 


“Properly executed welded connections are equal and often 
superior to riveted connections, no reason, therefore, exists for 
subjecting welded bridges to less favorable regulations than for 
riveted bridges. The committee decided to fix the dzul values 
at 1 kg./mm.? less than the fatigue strength values for 2.104 
loading repetitions. 


(6zul = Permissible stress.)”’ 

However, this margin of | kg./mm.? was only taken 
as a rough guide and as explained by Kommerell later 
many departures from it were made by the committee 
in producing their final diagrams of permissible working 
stresses shown in Figs. 37 to 39, modified to read in tons 
per square inch and included in the German (R.B.) tenta- 
tive specifications for welded plate girder railway bridges 
only. These requirements do not apply to highway 
bridges. 


German (R.B.) Specification. 


| 


3b. U. A 


The American (B) permissible stresses for fluctuating 
and alternating loads are represented in similar die. 
grammatic form (see Fig. 40) to the German, which they 
have simplified considerably by assuming that equal 
values hold for the compression as for the tension ranges 
This, of course, halves the area of the diagram, the |ejt 
hand quadrant referring to alternating loads and the 
right hand quadrant to fluctuating loads. 

The diagrams themselves were drawn up and evaly. 
ated asfollows: (Ref. Fig. 40.) 

(a) First, point B was established, the value ‘/ 
for the fluctuating fatigue limit (minimum load = () 
being based on the results of investigations ‘conducted 
principally abroad.”’ 


(6) Second, the point “A” was fixed by assuming 
the alternating fatigue limit ‘‘f,’” to be equal to */, ‘f 
an assumption said to have been based on a review of 
many fatigue tests on base material.” 

(c) Points “A” and ‘“‘B’’ were then connected by a 
straight line which was extended to intersect the hori 
zontal line through ‘‘C’”’ the position of which was based 
on the yield point, that is to say, the ordinate of C is 
equal to the normal permissible stress for static loading 

This procedure permitted the development of con 
venient formulas of the following type. 


Permissible Working Stresses for Welded Plate Girder Railway Bridges. 


} 4 
a} 
«} 
Figure 37. 
The two quadrants on the right refer 
to stresses fluctuating between values >» » } 
of the same sign, the upper quadrant | 9 
for tension and the lower for com- rh WOR Sanee. 
pression. | 


The two quadrants on the left refer 
to alternating stresses, i.e., reversals 
of stress. 


Figure 38. 
Steel St. 37 (ult. stress—23.5 tons/sq. in). 


Figure 39. 


Steel St. 52 (ult. stress—33 tons/sq. in.). 


The curves marked “ a ’’ refer to tensile stresses or in the case of reversals to those joints where the tensile stresse- 
are greater than the compressive stresses. The curves marked “ b”’ refer to compression or 1n the case of reversals, 


Explanatory Notes for Figures 38 and 39. 

Ia and Ib. Unjointed plates (e.g., an unjointed flange plate of a solid web 
girder). 

Ila and IIb. Members connected by butt welds in the vicinity of the joint 
provided a “ back ’’ run is applied to the root of the weld and the reinforce- 
ment is ground smooth.* The reinforcements need not be ground if the 
difference between the maximum and minimum stresses does not exceed 
16,000 Ibs./sq. in. (11.2 kg./sq. mm.). 

IIIa and IIb. Butt welds and members connected by them in the vicinity 
of the joint, but where the requirements for IJa and Ib are not met. 


IVaandIVb. Permissible principal stresses (fp) calculated by the following 


equation. 
f f 1 
4s? 


to those joints where the compressive stresses are greater than the tensile stresses. 


Va and Vb. Members connected by fillet welds left as deposited (see V/a 
and VIb). Permissible stresses based on section of member in vicirity 0! 
welds. 

VIa and VIb. Members connected by end fillets the profiles of which hav: 
been ground to permit easy stress transmission, and by side fillets the ends o! 
which have been ground. 

Vila and VIIb. (Steel St. 52, Figure 39 only). Unjointed plates as 1 
Ta and Ib for bridges carrying light traffic, that is, up to 25 trains per day pe! 
track. 


Shear Stresses in Fillet and Butt Welds. 

The shear stresses in fillet and butt welds must not exceed fhe permissi!|: 
shear stress for the parent metal, that is, 65 per cent. and 55 per cent. of |! 
stresses indicated by Curves Ja and Ib for St. 37 and St. 52 respectively. _ 

* All butt welds in this class .must be X-rayed and butt welded flange sp: 
must be located at 45 deg. to the longitudinal axis of the girder. The permiss'' 
stresses may be based on the increased section of member thus provided, 
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American (B) Specification’. Permiss- +H} + 4 { 
Working Stresses for Welded High- 
ay and Railway Bridges. t tit 
+H 
+4 ++ +++ 
+4 +++ 
44 +444 4444 ATT HH 
++ ++ at ++ +44 
+-+44+44 +4 ++ tit tit tt 
+4 4 ++ +44 
$444 tint + +4 ++ +44 tH 
M = Maximum permissible stress in TH SEES 
When M and m are stresses of oppo- 
site sign m is plotted as a minus Figure 41 
abseissa, and wice versa. 
fo Permissible maximum unit stress Butt Welded Joints. Fillet Welded Joints 
when stress fluctuates from 
zero. 
(1) Members joined (3) Members joined 
fy Permissible maximum unit stress 
for reversals of equal] value. A Maz. 4 Min. A . Maz. 4 Min. Maz 
8.04 5.36 6.70 
(2) Welds (5) Fillet welds 
(Tens. and Comp.) Min. \ Maz. 
A Maz. — 4 Min. \ Maz. 3.21 4.28 
6.03 4 7.15 
(4) Welds 
(Shear) 
A Maz. — 4 Min. \ Maz. 
4.01 4 8.36 
— M — '/2m\M Parent Metal in Tension and Compression and Butt 
Welds in Compression. 
Jo 
where A = Required sectional area of member 


f = Permissible stress for static loading. 


The American (B) permissible stresses for both high- 
way and railway bridges are shown in similar diagram 
matic form to the German graphs, in Fig. 41. 


3c. Switzerland 

A series of fatigue tests on various types of welded 
joints and drilled plates to represent riveted joints was 
conducted by Professor Ros*®*! of the Swiss Federal 
Laboratories in Zurich. They were submitted to pul- 
sating tension loads only, the fatigue limits for reversals 
of stress being “derived.” 

The results of these investigations formed the basis for 
the permissible stresses adopted for welded construction 
and shown in diagrammatic form in Fig. 42. These dia 
grams have been redrawn in similar form to that adopted 
in the German and American specifications in Fig. 43. 

The values for B, are permissible when Dead and 
Live loads, Impact and Centrifugal forces are taken into 
account and B. when Snow, Wind, Tractive and Braking 
loads are included. 

_ The diagrams (Fig. 42) are based on the following 
formulas: 


1938 


SPECIFICATIONS FOR WELDED STEELWORK 


(Permissible Stress 


for B, = 
for By 


where f, 7.62 tons/sq. in. 


S.S9 tons/sq in 


Butt welds in tension. 


fo(1 04) 
J= 


for B, 5.40 tons, sq. in. 
for By = 6.25 tons/sq. in 


Fillet welds. 
f= 0.47) 


for B, = 2.70 tons/sq. in. 
for B, = 3.18 tons/sq. in. 


where f 


where f 


In comparing the three regulations referred to above 
it is important to remember that the German (R.B.) 
regulations apply to plate girder railway bridges only, 
while the American (B) specifications cover both high- 
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Swiss Regulation” Permissible Stresses for Welded Bridges. 


Parent metal in tension and compression. Also Limiting Stresses A (minimum), B, (maximum). The 
butt welds in compression. values for B, are permissible when dead and live loads, 
impact and centrifugal forces are taken into account, and 
B when snow, wind, tractive and braking loads are 
included. 


Fillet welds—Stresses based on leg length. Multiply 
C300 by 1.414 for equivalent mitre throat stress. 


Butt welds in tension. Fig. 42 


L ‘Tons Pea Se in. 


Figure 43. The curves in Figure 42 replotted on the same basis as the American curves (Figure 41)—see 
explanatory diagram, Figure 40. 
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way and railway including lattice girder bridges. 
Swiss Regulations appear to cover both highway and 
railway bridges but not railway lattice girder bridges 
which must receive special consideration. 


The 


Indi 
(he Indian specification states that, “Welded joints 
subjected to varying loads, shall be proportioned to carry 
the sum of the maximum load plus half the maximum 
variation (range) of load.”’ 


se. Australia 

[he Australian (D.R.) Code includes the following 
clause: 

For the purposes of design the calculated loads and stresses 
in welds subject to repetitive or alternating loads shall be increased. 
[he increase shall be determined having due regard to the effects 
of fatigue, the types, sizes and positions of welds and the types 
of loading, and shall serve to convert the actual loads and stresses 
to equivalent static values.” 

A wide difference of opinion would still appear to 
exist as to whether special provision should be made to 
allow for the effect of fatigue on bridges. One point of 
view has been expressed by a well known authority on 
the subject in the following terms :* 

‘‘In the case of bridges, so far as the writer is aware, no instance 
of failure of a main member has ever been caused by repeated 
variation of primary stresses. The danger that is occasionally 
encountered, although usually avoided with complete success, is 
that cracks develop in particular parts subject to abnormal local 


vibration, or to more moderate vibration in combination with 
severe ‘secondary’ stress.”’ 


Bearing this in mind with the quoted extract 
irom Kommerell’s paper in which he states that welded 
joints do not, at least, show to disadvantage when com- 
pared with riveted joints in regard to fatigue, it might 
be reasonable to contend that special provision is un- 
necessary. 

Nevertheless, it is apparent that our future specifica- 
tions dealing with dynamically loaded welded structures 
should give some guidance on the matter and, further, 
that any special provision that may be made to allow for 
the effect of fatigue should not take the form of an over- 
all increase in working loads but must recognize the 
widely varying behavior of different types of welded 
joints when subject to repetitions of stress. 

The author is indebted to Mr. Otto Bondy and to Mr. 
L. Denaro for their valuable assistance in clarifying 
various points in the interpretation of the Continental 
regulations considered; to the Acetylene and Welding 
Consulting’ Bureau, Ltd., for translating the Italian regu 
lations; and to The Quasi-Are Co., Ltd., for permis- 


sion to publish the results of investigations carried out in 
their Research Laboratories. 
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CAST IRON, SOME OBSERVATIONS 


By G. S. SCHALLER’ 


AST IRON has, from the inception of mechanical 
industry, been one of the outstanding engineering 
materials. Because of its great antiquity, cast 

iron has undoubtedly suffered in comparison with other 


* Presented at Western Regional Conference, AMERICAN WELDING Society, 
Los Angeles, Calif, March 21-25, 1938. A contribution to the Funda- 
mental Research Division. 

t University of Washington, Seattle. 


on Its Arc Welding 


metals, due to the fact that its possibilities and properties 
have not always been clearly understood nor fully evalu- 
ated. In fact, the term cast iron is developing more 
and more into a general term. Those who have been 
charged with its use fully appreciate the complexity of its 
nature. Yet, due to the ease with which a part can be 
produced by molding and casting, cast iron has frequently 
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Swiss Regulation”® Permissible Stresses for Welded Bridges. 


Parent metal in tension and compression. Also Limiting Stresses A (minimum), B, (maximum). The 
butt welds in compression. values for B, are permissible when dead and live loads, 
impact and centrifugal forces are taken into account, and 
B when snow, wind, tractive and braking loads are 
included. 


y & Fillet welds—Stresses based on leg length. Multiply 
C300 by 1.414 for equivalent mitre throat stress. 


Butt welds in tension. Fig. 42 
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Figure 43. The curves in Figure 42 replotted on the same basis as the American curves (Figure 41)—see 
explanatory diagram, Figure 40. 
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wav and railway including lattice girder bridges. The 
Swiss Regulations appear to cover both highway and 
railway bridges but not railway lattice girder bridges 
which must receive special consideration. 


id. India 

fhe Indian specification states that, ‘Welded joints 
subjected to varying loads, shall be proportioned to carry 
the sum of the maximum load plus half the maximum 
variation (range) of load.”’ 


te. Australia 

fhe Australian (D.R.) Code includes the following 
clause: 

For the purposes of design the calculated loads and stresses 
in welds subject to repetitive or alternating loads shall be increased. 
[he increase shall be determined having due regard to the effects 
of fatigue, the types, sizes and positions of welds and the types 
of loading, and shall serve to convert the actual loads and stresses 
to equivalent static values.” 


A wide difference of opinion would still appear to 
exist as to whether special provision should be made to 
allow for the effect of fatigue on bridges. One point of 
view has been expressed by a well known authority on 
the subject in the following terms :* 

‘In the case of bridges, so far as the writer is aware, no instance 
of failure of a main member has ever been caused by repeated 
variation of primary stresses. The danger that is occasionally 
encountered, although usually avoided with complete success, is 
that cracks develop in particular parts subject to abnormal local 


vibration, or to more moderate vibration in combination with 
severe ‘secondary’ stress.” 


Bearing this in mind with the quoted extract 
from Kommerell’s paper in which he states that welded 
joints do not, at least, show to disadvantage when com- 
pared with riveted joints in regard to fatigue, it might 
be reasonable to contend that special provision is un- 
necessary. 

Nevertheless, it is apparent that our future specifica- 
tions dealing with dynamically loaded welded structures 
should give some guidance on the matter and, further, 
that any special provision that may be made to allow for 
the effect of fatigue should not take the form of an over- 
all increase in working loads but must recognize the 
widely varying behavior of different types of welded 
joints when subject to repetitions of stress. 

The author is indebted to Mr. Otto Bondy and to Mr. 
L. Denaro for their valuable assistance in clarifying 
various points in the interpretation of the Continental 
regulations considered; to the Acetylene and Welding 
Consulting’ Bureau, Ltd., for translating the Italian regu- 
lations; and to The Quasi-Are Co., Ltd., for permis- 


sion to publish the results of investigations carried out in 
their Research Laboratories. 
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CAST IRON, SOME OBSERVATIONS 


By G. S. SCHALLER' 


AST IRON has, from the inception of mechanical 
industry, been one of the outstanding engineering 
materials. Because of its great antiquity, cast 

iron has undoubtedly suffered in comparison with other 


* Presented at Western Regional Conference, AMERICAN WELDING Society, 
Los Angeles, Calif., March 21-25, 1938. A contribution to the Funda- 
mental Research Division. 

t University of Washington, Seattle. 


on Its Arc Welding 


metals, due to the fact that its possibilities and properties 
have not always been clearly understood nor fully evalu- 
ated. In fact, the term cast iron is developing more 
and more into a general term. Those who have been 
charged with its use fully appreciate the complexity of its 
nature. Yet, due to the ease with which a part can be 
produced by molding and casting, cast iron has frequently 
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been chosen for applications where its ability has not 
been properly considered. It is in such instances that 
cast iron finds its way to the welding shop. The weld- 
ing of cast iron is usually a problem of reclamation, 
whereas the welding of steel is, on the contrary, most 
generally a problem in production or fabrication. 

During the past few years, an imposing amount of 
splendid progress has come from our industries, indus- 
trial laboratories, universities and individual researchers 
in the direction of changing the characteristics of cast 
iron so that the material resulting will meet completely 
the job that is assigned to it. The progress has been so 
rapid and so important that it compels a complete re- 
vision of the general ideas associated with the term cast 
iron. 

It is within the realms of possibility and imagination 
to envision mechanical structures composed of cast parts 
and rolled cast iron members built into an entity by some 
process of welding. It would seem desirable, therefore, 
that study, experiments and investigations in welding of 
cast iron should go forward with renewed activity and 
inspiration. Full appreciation of its welding problems 
involves an understanding of not only its metallurgical 
aspects but also a complete knowledge of the founding 
of this material as well. 

In many instances, cast iron is purchased or specified 
entirely according to its chemical composition. This 
practice has been a change from the early ideas of evalu- 
ating cast iron or pig iron by fracture. It would not be 
correct to entirely condemn either one or both of these 
methods of grading because one is predicated somewhat 
upon the other. The important thing, however, is not 
either one of these, but is the physical components of the 
material itself. The properties of cast iron in any given 
application are governed by a wide range of conditions, 
among them may be mentioned such matters as chemical 
composition, melting processes, methods of founding 
which would include gating, pouring and subsequent 
treatment following pouring as well as the original design 
of the member. 

It has always appeared to me that in welding cast 
iron, nothing more or less is done than emulating the 
foundrymen in making the casting originally. The 
chief difference, of course, between the two, lies with 
the method of procedure. Therein is to be found, in my 
opinion, the secret, if such a term may be used, of the 
successful welding of cast iron. The structural com- 
ponents of cast iron consist primarily of a combination of 
ferrite, pearlite, steadite and graphite together with other 
minor inclusions. Whichever one of these or combina- 
tion thereof is regulated or controlled by the metallur- 
gist, governs the ultimate utility of that particular cast- 
ing. This situation should call for more than passing 
consideration. The fact that in a great many instances 
castings have been produced with the primary idea of 
ease of machinability, has resulted in a material of low 
strength properties. If, on the other hand, so much 
attention had not been paid to machinability and more 
attention had been directed toward the development of a 
pearlitic structure, the cast member would undoubtedly 
have proved much more satisfactory in service even 
though the initial machining operation would have been 
slightly more difficult. 

However, it must constantly be borne in mind that 
welding cast iron as we generally recognize it today is a 
problem in repair or reclamation. A casting failing in 
service means a casting which was not strong enough 
or sound enough originally to perform the task which was 
assigned to it. Consequently, let it be emphasized that 
in welding such a part successfully, he who undertakes it 
is proceeding under the hypothesis that the welded mem- 


ber will be stronger than the casting was originally. 
dustry is offering several methods and certainly a wid 
variety of welding rods and electrodes for the weldi: 
cast iron. Each of these offer a solution to some spx 
phase of the problem. Yet it seems to be the general 
concensus of opinion that in metallic are welding of cs 
iron, no complete solution has as yet been devised 
When welds are undertaken, some definite objective pre 
dominates such as ease or facility of doing the job, 
strength or machinability. It is rare indeed that these 
three elements are combined into an entity in metallic arc 
welding. 

A considerable amount of investigation of a worth 
while character has been accomplished on this subject. 
An outstanding summary of this work is presented by 
the Welding Research Committee of the Engineering 
Foundation in their publication of March 1937. In that 
reference, the activities and achievements of many re 
searchers and investigators are presented. 

Graphitic carbon content of cast iron has always been 
an outstanding characteristic of this material. Because 
of its presence, cast iron has been a material with 
a distinctive personality, or better, perhaps, individual! 
ity. When welding cast iron with a metallic are by the 
use of a steel electrode, the question of the formation oi 
graphitic carbon, is, of course, decidedly important. 
Steel with its low-carbon content being fused to cast iron 
with its high-carbon content results in a zone, or series 
of zones, more properly, wherein carbon gradients occur. 
Obviously, then, somewhere in these fusion zones free 
cementite will be formed, especially under the conditions 
of the rapid cooling of the weld-metal. This constituent 
is characterized by great hardness and brittleness. Its 
formation is essentially a function of the total carbon 
content, temperature and cooling rates. Were con 
ditions satisfactory, free cementite would be decomposed 
into ferrite and graphite in the metallic arc welding of 
cast iron but the unusually rapid cooling rate mitigates 
against this. 

The formation of graphite plates has been studied in 
the direction of its possibilities in connection with the 
strength of the resultant casting. The author in an in 
vestigation of high strength cast iron superheated molten 
cast iron to increasing temperature values and poured 
the resultant material into suitable test bars for investiga 
tion. The results of this work seem to indicate that the 
degree of superheat in the cast iron has a direct effect upon 
the size, shape and distribution of the graphitic plates in 
the casting. It was interesting to note that the sfrengti 
of the resultant fest bars was also a factor of superheating 
temperatures in that increased strengths followed, gen 
erally, increased superheat temperatures. All of this is 
mentioned since in welding cast iron with the metallic 
arc, conditions are present which are conducive of super 
heating the cast iron. However, unless recourse is had 
to the process known as hot welding, whereby the casting 
is first preheated in order to prevent rapid cooling, car 
bon in the weld-metal and adjacent thereto is preset 
largely as cementite. In studying the problem of the 
possible graphitization of this cementite band, the author 
felt that the introduction of some element favoring the 
formation of graphite might prove to be an interesting 
innovation. 

In order to test this idea, a series of investigations was 
conducted in the Mechanical Engineering Shops Labora 
tory at the University of Washington during the past 
year with the aid of two senior students, Mason and 
Stevens. The method of approach was that of prepar 
ing standard veed out specimens and then spraying the 
surfaces to be welded with copper to a depth of 0.010) 
inch. This idea is not to be confused with the one of 1) 
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serting copper or lead studs in the weld-metal to obtain 
machinability. Our studies were directed toward de- 
termining the effect of copper as a graphitizer in the weld- 
metal as well as its effect upon the carbide formations. 
The results of these investigations are most interesting 
and could best be portrayed by the photomicrographs 
made of the specimens themselves. Among the investi- 
cations conducted were those of a composite weld in 
wi ich a specimen of mild steel and one of cast iron were 
welded with the use of a steel electrode. The steel, in 
this ease, was taken from the usual run of mild steel bars 
furnished by steel merchants. The cast-iron specimens 
were all poured from the same ladle of cast iron which 
had been melted in an electric arc furnace. This method 
was followed in order to produce castings of as great 
uniformity as were the steel specimens. The welding 
on the specimens was performed under a series of condi- 
tions that were designed to produce comparable welds in 
all eases. No thermal treatment was applied to these 
specimens either before or after they had been welded. 
All welding was done with shielded mild steel electrodes 
of the same manufacture. Careful examination and 
microscopic study of the specimens revealed four dis- 
tinct structures within the weld-metal in addition to the 
structures representing the parent metal on each side of 
the weld. 

The structures as they existed starting with the cast- 
iron parent metal showed a thin layer of about '/» of a 
millimeter in width of cementite over the entire weld sur- 
face. On the left of the cementite, the material changed 
through hypereutectoid steel to a field of eutectoid steel. 
This field of hypereutectoid steel together with the eu- 
tectoid field of pure pearlite extended for about two 
millimeters in width at a point on a line */;, inch from the 
bottom of the weld. In the edge of the eutectoid field 
occurred a distinct transition to a medium carbon steel 
of from 0.45 to 0.5 per cent of carbon. This medium 
carbon field extended to the steel parent metal where 
another abrupt transition occurred from medium car- 
bon steel to the mild steel parent metal. An examination 
at 500 magnifications revealed that the cementite stands 
out clearly in long needles, in grains and in a matrix 
surrounding grains of pearlite. The pearlite is very fine, 
having passed almost into the sorbitic stage. This 
structure is due to the very rapid rate of cooling of the 
weld-metal. The pearlite had to be examined at to over 
900 magnifications in order to determine its character. 

In order to evaluate these results, they were compared 
with similar specimens that had been prepared by omit 
ting the sprayed copper over the surfaces to be welded. 
Examination of the copper-free specimens revealed the 
same structures as are present when the copper was in 
the weld but the important difference is that the dis- 
tribution of the structural part of the weld-metal is con- 
siderably altered. Cementite is present in both in- 
stances but in the case of the plain weld, the cementite 
band on the surface of the specimen is somewhat larger. 
The high carbon steel adjacent to the cementite is in a 
much narrower uniform field. The medium carbon field 
of the weld-metal is considerably greater in extent in the 
case of the copper free specimen. 

A summary, therefore, of the result of this investiga- 
tion, revealed a small dissimilarity between the speci 
mens studied with respect to the formation of free ce 
mentite in that there is a smaller band of cementite in the 
copper sprayed specimen than there is in the plain one. 
However, the outstanding feature of these experiments 
indicates nearly twice as great a carbon pick up in the 
weld-metal of the copper sprayed cast-iron specimens as 
there was in those which did not have the benefit of 
copper spraying. Inasmuch as there apparently were no 


conditions entering into the welding operation that 
would indicate the presence of a carburizer or carburizing 
agent, it seems reasonable to conclude that the added 
carbon in the weld-metal was gained at the expense of the 
carbon in the parent cast iron and, further, that this car 
bon pick up is the result of the presence of copper on the 
surface of the cast iron before welding. This exact status 
is difficult of determination because the parent metal, 
being affected by heat adjacent to the weld, will show a 
different structure than the zones the temperature did 
not reach. 

In the physical testing of these specimens, no light was 
shed upon this particular problem in that the fracture oc 
curred in the weld-metal in every case. The plane of 
rupture always occurred on the cast iron rather than the 
steel side of the weld. It started vertically to the major 
plane of the specimen and then followed the angling line 
of cementite about */; of its way through the specimen 
There the fracture again was vertical, breaking through 
a very small portion of the cast iron at the bottom of the 
“V.”’ This condition was to be more or less expected as a 
result of microscopic study of the weld-metal as pre 
viously mentioned. The only physical tests made were 
those of tension and no measure of elongation was at 
tempted because of the nature of the deposited weld-metal ; 
negligible ductility was to be expected. The following 
are average observations of several specimens tested: 

Percentage of Full 


Ultimate Stress Strength Developed 


Plain cast iron 25,000 Ib. per sq. in 100% 
Plain weld - metal 

specimen 15,250 Ib. per sq. in H1% 
Copper coated weld 

specimen 14,000 Ib. per sq. in 56% 


These results are to be expected from the composition 
of the weld-metal as revealed under the microscope. The 
most important conclusion to be drawn from this series 
of experiments is that the presence of copper made it 
self known by the greater carbon pick up in the weld 
metal in the specimen where it was used. In order to 
test the effect of other known graphitizers, some experi 
ments were conducted in a more general manner by in 
troducing ferroalloys directly into the welding pool of 
molten metal. In these latter attempts, titanium, silicon 
and aluminum were employed. However, the prelimi 
nary tests did not seem to hold sufficient promise to 
justify extended work on all of them, so our attention 
was centered upon the copper experiments as explained. 

The test specimens were 2 inches wide by about °/;s 
inch in thickness and dimension of 1*/, inches wide by '/» 
inch thick for the physical testing operations. The 
actual welding was accomplished by using two different 
makes of welding machines, each of 200-ampere ca 
pacity. The welding was done by the use of multiple 
beads which were thoroughly cleaned after each pass. 
The welding current was held as closely as possible to 
150 amperes and 40 volts, which are standard values for 
the welding rod employed. All work was done with re 
versed polarity. 

The knowledge gained from these experiments on in- 
troducing copper as a direct ingredient of the cast iron to 
be welded emphasizes the fact that the successful weld- 
ing of cast iron is decidedly a metallurgical problem. 
As proof of this fact, oxyacetylene welds made on some 
specimens which were a part of those prepared for this 
investigation, yielded weld strengths approximately 
equal to the parent metal. Such results prove that the 
difference in results achieved by the two different proc- 
esses of welding can be traced to temperatures, thermal 
gradients in the metal and cooling rate. If the cooling 
rate of the weld-metal is controlled, then the structure of 
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the weld-metal is also under control. However, when 
considering the metallic arc welding of cast iron, it 
must constantly be borne in mind that the arc yields 
temperatures very much in excess of those required for 
the fusion of the parent metal. This condition com- 
bined with the rapid cooling rate which amounts to 
chilling, causes weld-metal structures similar to those 
encountered in quenched steel. If then, the carbides that 
characterize the weld-metal can be controlled, the matter 
of welding cast iron with the metallic arc can be solved. 

Much attention has been focused on this solution by 
manufacturers of welding electrodes, the approach has 
been somewhat different in several cases although the 
end has been the same in each. For example, electrode 
shieldings have been developed that employ ingredients 
that will aid in the rapid melting of the electrode at low 
heat values; iron oxides have proved successful in this 
connection. Other successes are reported along similar 
lines. The objective of these is, of course, to keep tem- 
peratures on the parent metal low in order to control pre- 
cipitations. 

Further attempts at the solution by electrode manipu- 
lation include the use of various graphite coatings. 
The author has enjoyed some little success with the use 
of coatings consisting of pure graphite mixed with sodium 
stlicate as a binder. However, these experiments have 
not been carried to any definite conclusions. Similar 
attempts have been made by various investigators; 
among those reporting their findings are Jermilow, Gory- 
astev and Shun-ichi Sato. References to their work can 
be found in the March 1937 review of the AMERICAN 
WELDING SOCIETY. 

The approach to the problem of welding cast iron 
with the metallic are from the author’s view-point has 
been that of attempting to reproduce under the condi- 
tions obtaining in welding, something of the procedure 
that has proved effective in the original production of the 
casting. Consequently, in order to produce cast-iron 
weld-metal with the arc, the conditions obtaining the 
founding of cast iron must be duplicated. The matter 
of temperatures has been previously mentioned. Pos- 
sibly these can be controlled by preheating first and 
covering the weld-metal with a suitable annealing slag 
during the welding operation. Shepard and Moritz call 
attention to the use of a proper flux on molten metal. 
Such a solution to the problem seems feasible; yet when 
cold welding is considered, the problem of controlling 
and regulating temperatures presents a more complex 
problem. So long as heat is applied to the parent metal 
of sufficient intensity to cause fusion with the weld- 
metal, this heat is going to register an effect upon. the 
parent metal whose consequences can only be forecast 
by its original structural composition. The desirable 
solution then seems to be that of developing a welding 
technique or method or both that can satisfactorily com- 
bat the problem of rapid cooling in the weld together 
with the temperature effect upon the parent metal it- 
self. Of course, many evidences of solutions to this prob- 
lem are at hand. Such ideas as the use of non-ferrous 
alloys as well as the use of austenitic steels have all 
yielded acceptable results. In none of these cases, how- 
ever, has a weld-metal been produced that approximates 
the parent metal, cast iron. The researches reviewed 
here indicate that the solution lies deeper than the addi- 
tion of graphitizers to the weld-metal. Possibly this 
procedure when coupled with necessary temperature regu- 
lation of both the weld-metal and the parent metal will 
yield a satisfactory solution. When this solution is 
achieved, it will find an eager reception because a fast 
means of repairing broken cast-iron parts by welding will 
offer industry a major development. 


Discussion of Paper on Welding of Cast Irons 


By MONTE E. PARKER 


As probably seventy or seventy-five per cent of the 
welding done in the jobbing shops or in the repair de. 
partments of large plants is performed on cast iron, and 
the methods and procedures toward attaining good welds 
vary with the operators to a considerable extent, it appears 
that here isa field open for an extensive intelligent research 

To the average welder, there are four phases that he js 
apt to consider in the general run of cast-iron welding, 
which are (1) tensile strength, (2) machinability, (3 
expansion and contraction under heat stresses and (4 
methods of welding (that is, gas or arc). 

As Professor Schaller mentions, cast iron, because of 
its comparative ease of manufacture has often appeared 
in forms and positions where primarily it should not be 
considered as the proper material. It is a fact that no 
two foundry foremen will have exactly the same results 
on the same type of work; that is, carbon content, silicon 
content and final structure of the casting on the same 
job. The preparation of specimens taken from fractured 
identical machine castings in my own shop show a wide 
range of chemical content and attendant physical prop 
erties. This has been a large factor in advancing in 
industry today of so-called bronze-welding or brazing. 

Several companies specializing in welding electrodes 
and filler rods have put patented rods on the market 
among them copper core rods sheathed with mild steel 
with a suitable flux between, nickel core rods surrounded 
by copper sheath, in turn surrounded by mild steel. 

In my own experiments I find the nickel core sheathed 
with copper and steel provides a weld with very good 
fusion with the parent metal. However, for fairly heavy 
section castings, a cast-iron electrode coated with lime 
silicate works beautifully when the casting is preheated 
and kept at a high enough temperature to completely 
normalize the structure. Welding in the old-fashioned 
method with the are by using carbon, and a fairly low 
silicon filler rod will produce good welds. 

Here again adequate heat in the casting before and 
after welding is necessary to gain graphitization and to 
avoid deposits that are not permeated throughout the 
weld area. When reverse polarity is used in this situa 
tion, the filler metal will absorb through the crater a con 
siderable amount of carbon gases. Here again the pres 
ence of copper quite possibly would bear out the results 
of Professor Schaller’s experiments. 

By using the carbon arc, the pool of metal may be 
puddled and boiled at will, and undissolved gases will be 
allowed to escape. Regardless of how good fusion has 
been obtained or what quality filler metal has been ap- 
plied, our weakest point in cast-iron welding is the pres 
ence of innumerable gas pockets. These must be re- 
moved for sound metal work. And any method whereby 
good precipitation of the carbon is obtained will also 
tend to remove these gas pockets. 

I am interested in this paper of Professor Schaller’s, 
but I believe there is a step beyond those experiments; 
namely, the dissipation of all possible entrapped gases, 
and the absolute reduction of porosity in the weld-metal. 
These extremely small gas pockets and blow-holes are 
worthy of the best consideration when strength of the 
weld is essential. 

As to machinability of the weld, perhaps the real 
solution to this end does lie in better graphitizing, but 
until that is proved conclusively, and made a simple proc- 
ess, the operator is forced to go on depending upon pos! 
heating or annealing to reduce the “ Diamonds.”’ 
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